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INVISIBLE STARLIGHT! 


By Paut W. MERRILL 


NVISIBLE radiation was first observed when Sir William 

Herschel, in 1800, found a blackened thermometer bulb to be 
warmed when placed beyond the red end of the sun’s visible 
spectrum. The following year, J. W. Ritter noted the darkening 
of silver chloride caused by light beyond the violet end of the solar 
spectrum. Three quarters of a century elapsed before the study 
of invisible starlight was begun by Sir William Huggins, who, in 
1876, photographed both visible and ultra-violet stellar spectra. 
Although of obvious interest, the investigation of invisible starlight 
has developed slowly, not only because of serious practical difficulties 
but because it was natural and proper to exploit first the more 
readily observed visible portion of the spectrum. The time has 
now come, however, when astronomers can perhaps afford to devote 
more attention to ultra-violet and infra-red light. Hence it may 
be worth while to outline the general importance of invisible 
starlight in astrophysical investigations and to review the present 
observational status of the problem. 

To obtain a general view of the situation let us consider first 
radiation as it leaves the star; then what happens to it in interstellar 
space and in the earth’s atmosphere; and finally what can be done 
with it when it arrives at the focus of a telescope. The original 
investigators had, of course, to work the sequence in the opposite 
direction. 

‘Address of the retiring vice-president and chairman of the Section of 
Astronomy, American Association for the Advancement of Science, Boston, 
December, 1933. Printed from a revised copy supplied by the author. The 
block for the figure is loaned by the Mount Wilson Observatory. 
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The most important property of the light emitted by any 
incandescent object is the manner in which the energy is distributed 
among various wave-lengths—briefly, its spectral intensity curve. 
Laboratory investigations have shown that for most solid or liquid 
bodies the curve has a definite relationship to the temperature 
of the source, expressed by Planck’s equation for a so-called black 
body or complete radiator. It is well known that incandescent 
gases in very thick layers radiate much like solid bodies, and there 
is good reason to believe that we may use the equation to calculate 
the general properties of starlight. The conclusions in the following 
paragraph are based largely on this premise 

The position of maximum intensity in the spectrum depends 
on the temperature of the star’s visible surface. For the low- 
temperature stars (red in colour) the maximum is in the infra-red; 
for stars of intermediate temperature, such as the sun, it is in the 
visible region; while for the hotter stars, like Rigel and certain 
other stars in the constellation Orion, it shifts into the ultra-violet. 
At any temperature the intensities drop rapidly on the short wave- 
length side of the maximum, more gradually on the long wave- 
length side. What wave-length range should be observed in order 
to include important stellar radiations? To answer this question 
let us assume that for any star we desire the observations to cover 
all points in the spectrum where the energy exceeds 10 per cent. 
of that at the maximum. It will be sufficient to make computations 
for temperatures 2,000° and 20,000° C. because the vast majority 
of stars have effective temperatures between these limits. For the 
hotter stars the maximum lies at 1450 A, the 10 per cent. limit on 
the short wave-length side at 620 A; for the cooler stars the maxi- 
mum is at 14,500 A, the 10 per cent. limit on the long wave-length 
side at 48,000 A. Thus for a really complete knowledge of stellar 
spectra we should be able to observe from 600 A to 50,000 A; even 
to cover the maxima of various stellar spectra would require a 
range exceeding 1450 A to 14,500 A. 

Except for general attrition caused by its struggle with the 
inverse square law, not much happens to starlight in its long 
passage through the abysmal depths of interstellar space. To a 
degree of approximation which is probably very high, except for 
extremely remote objects, starlight has the same properties when 
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it strikes the earth's atmosphere that it had when it left the star. 
The relatively minor losses suffered through absorption and scatter- 
ing in interstellar space and the reddening of light from distant 
galaxies, although of great interest, are not discussed here. 

We are forced to study the stars from the bottom of a great 
ocean of air many miles deep. What this ocean does to starlight 
constitutes the next chapter of the story. 

What it does to the more refrangible (ultra-violet) end of the 
spectrum is a crime. It shuts off completely all wave-lengths 
shorter than 2950 A—over two octaves. This limit appears to be 
set by certain powerful ozone bands, and, as ozone is especially 
abundant in the upper atmosphere, ascending a mountain does not 
appreciably extend the observable range of wave-lengths. As far 
as we can see now, therefore, these important short wave-length 
stellar radiations are forever inaccessible to us unless we can 
establish an observing station beyond the earth’s atmosphere, say 
on the moon. An alternative is the use of a rocket to carry a 
spectrograph beyond the atmosphere. Studying starlight by such 
an apparatus can not be contemplated with optimism at present; 
it even stretches the imagination to consider its application to 
sunlight. 

The situation at the other end of the visible spectrum is not so 
hopeless: the long wave-lengths are mutilated but not annihilated. 
Figure 1 shows the ultra-violet barrier and the regions in the near 
infra-red that are subject to strong absorption. 

The human eye is sensitive to a band of wave-lengths—cor- 
responding to the colours of the visible spectrum—which comprises 
but a small fraction of the range of wave-lengths of astrophysical 
importance. Fig. 1 compares the visibility curve of the eye with 
the spectral energy curves of stars at 2,000° and 20,000°, respec- 
tively. Notice to what a slight extent the curves overlap. Visible 
light extends from about 3900 A to 7600 A (further in both directions 
for very high intensities). Beyond 4740 A on the violet side, and 
6500 A on the red side, however, the efficiency of the average eye 
is less than 10 per cent. of its maximum efficiency, which falls at 
5600 A in the green. The diagram also shows the very considerable 
regions transmitted by the atmosphere, which make no impression 
on the eye. In these regions the astronomer can study invisible 
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starlight. It is an interesting fact that‘the visible wave-lengths 
lie near the geometrical mean of the limits of important radiation 
from the stars. The following small table, taken from computations 
by L. L. Holladay, shows for the two temperatures the percentages 
of black body radiation in various spectral regions. 


PERCENTAGES OF BLACK Bopy RADIATION IN VARIOUS SPECTRAL REGIONS 


“FarU.V. NearU.V. Visible. 


___ Temp. 0 to 3000 3000 to 4000 A 4000 to 7600 = 7600 Ato © 
2,000°... 0.0 0.0 1.4 98.6 
20,000° 73.9 11.8 11.3 3.0 


No thoughtful person will consider the fact that our atmosphere 
is transparent to those radiations which the eye uses in vision to be 
a mere coincidence; adaptation is surely indicated. Moreover, it is 
highly convenient that most solid objects be opaque to these same 
wave-lengths. X-rays penetrate both air and solids and would 
serve poorly for vision. Now what shall we say of the additional 
fact that the most intense radiations of our principal light giver, 
the sun, lie in the range of high visual efficiency? Adaptation is 
again indicated. We may, however, propose the following question: 
How did the human race select for its abode a planet whose atmos- 
phere is transparent to the most important rays of the light-giving 
body about which the planet revolves? 

The first observations of stellar spectra were of course made 
visually. Not until the successful application of photography in 
1876 by the astrophysical pioneer, Sir William Huggins, could any 
of the ultra-violet be included. The most striking ultra-violet 
features shown by his photographs (the published reproductions 
of which extend to 3300 A) were the numerous hydrogen lines 
extending the Balmer series to a far greater number of members 
than previously known. The great importance of the H and K lines 
of ionized calcium was also clearly brought out. Huggins found 
at once a definite limit in the ultra-violet and, correctly ascribing it 
to the action of the earth’s atmosphere, explained the situation 
in the following words: 


There is little doubt that in stars of the white-star class, and many of the 
solar class, the star’s light is limited in its extension into the ultra-violet alone 
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by the absorption of our atntosphere, as I found to be the case with the light 
of a Cygni; however prolonged the exposure, the spectrum of this star stopped 
upon the plate at about the place which Cornu had found to be the limit imposed 
upon solar light by atmospheric absorption—namely, at about \2970. The light 
of Vega, at my Observatory (which has an elevation of 177 feet), with the baro- 
meter at about 30 inches, was abruptly weakened at A3000 and then continuing 
very faint, was apparently extinguished at \2970. 

Within this limit, imposed upon all celestial light by our atmosphere, the 
character and strength of the ultra-violet region of the spectra of stars will be 
of the first importance in any discussion of the classification of the stars founded 
upon the hypothesis of an evolutional progress. 


Huggins’ apparatus was especially adapted to the efficient 
recording of ultra-violet light. His Cassegrain telescope had 
speculum metal mirrors, while the spectrograph was equipped with 
calcite prisms and quartz lenses. 

In modern apparatus the two great hindrances to the observation 
of ultra-violet starlight are the opacity of the glass employed and 
the transparency of silver. A trace of iron makes optical glass, 
especially that containing lead (flint glass), transmit very poorly in 
the ultra-violet. In general, the denser the glass, the higher the 
dispersion and the smaller the ultra-violet transmission. The types 
of flint glass commonly used for prisms in astronomical spectro- 
graphs cut down the light seriously at 4000 A and prevent, without 
considerably increased exposure times, extension of the spectra past 
3900 A. Quartz is beautifully clear in this region, and certain 
recently developed types of ultra-violet glass combine high trans- 
parency with fair dispersion. Gratings may, of course, be used in 
the ultra-violet, but so far have not been found to compete well 
with prisms, except for high dispersion. 

Reflecting telescopes are free from the absorption introduced 
by the lens of the refractor, but the ordinary silver-on-glass mirror 
has a difficulty peculiar to itself, and one which has set the ultra- 
violet limit of spectroscopic observations with modern reflecting 
telescopes. A curious property of a thin silver film, such as that 
deposited on an astronomical mirror, is that, although almost 
perfectly opaque and highly reflecting to visual light, it has a 
transmission band near 3200 A. Starlight of this wave-length, 
therefore, shines right through the silvered surface of an astro- 
nomical mirror and is not returned with the other light to the focus. 
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The limit thus set is shown by the fact that W. H. Wright, using an 
efficient ultra-violet spectrograph in connection with the Crossley 
silver-on-glass reflector at the Lick Observatory, was able to 
photograph the spectrum of a Cygni only as far as 3245 A. 

Speculum metal, formerly widely used for astronomical mirrors, 
is more uniformly reflective in the ultra-violet than silver. More 
modern substitutes are chromium or aluminum. Mirrors with 
surfaces of one of these metals should make possible photographs 
of stellar spectra out to the limit set by the atmosphere. 

The first agency to explore the infra-red of stellar spectra as well 
as of the solar spectrum was not photography, but an energy- 
measuring device equally sensitive to all wave-lengths. Moreover, 
an instrument of this kind is able to tell us something of wave- 
lengths much longer than anything the photographic plate can as 
yet record. It will be convenient, however, to speak first of what 
has been accomplished by photography in the near infra-red. 

The first photographs of stellar spectra, as already mentioned, 
were limited to the blue-violet region to which alone the older 
emulsions were sensitive. Later the application of photo-sensitizing 
dyes, notably erythrosin, pinacyanol and dicyanin, made possible 
the inclusion of longer wave-lengths. For a number of years 
preceding 1920, stellar spectrograms were frequently made on 
ordinary emulsions sensitized shortly before exposure by staining 
with one or more dyes. Since 1920 commercial panchromatic plates, 
in which the dye is incorporated in the emulsion before coating, 
have been greatly improved, and are now very satisfactory for the 
region from 5000 A to 6800 A. For exposures to stellar spectra 
they are usually hyper-sensitized by a preliminary bath in dilute 
ammonia. 

Before 1930, special photographic emulsions were available for 
the extreme red and near infra-red, but they were relatively in- 
sensitive, and considerable difficulty was experienced in obtaining 
useful stellar spectrograms beyond about 7000 A. A few photo- 
graphs, however, were made by V. M. Slipher, J. Bosler, W. H. 
Wright and P. W. Merrill on plates sensitized with dicyanin, 
kryptocyanin or neocyanin. 

The recent discovery and systematic testing of new dyes, 
particularly by the Research Laboratory of the Eastman Kodak 
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Company, has resulted in greatly improved emulsions for the 
longer wave-lengths, and it is now possible to obtain, with moderate 
exposure times, satisfactory stellar spectrograms extending into 
the infra-red as far as 9000 A. 

In the region from 7000 to 9000 A, lines of the earth's atmosphere 
are numerous and intense and interfere considerably with the 
observations of stellar lines. There are, nevertheless, many 
features of interest, especially in the clear region 8320-8900 A. 
Photographs of this region have recently been made at Mount 
Wilson with a small grating spectrograph attached to the 100-inch 
telescope. No effort was made to penetrate the dense group of 
atmospheric lines, beginning about 8950 A, for, although feasible 
to do so, the study of stellar features would be handicapped by the 
intense and closely packed ‘telluric lines. With zenocyanin plates 
it does not appear impossible to extend stellar observations beyond 
the end of this group at 9800 A, but this has not vet been attempted. 

Among the interesting features photographed in the near infra- 
red of stellar spectra may be mentioned the Paschen series of 
hydrogen lines; the great triplet of ionized calcium, \\8498, 8542, 
8662; neutral oxygen lines, \A7771-4-5, 8446; cyanogen absorption 
in N-type spectra. 

According to the quantum theory, a hydrogen atom must reside 
in one of the so-called stationary states whose energies exhibit a 
regular progression in inverse proportion to the squares of integers 
from one to infinity. Series of spectral lines are formed by transi- 
tions between any level and the succession of higher levels. 
Physicists have observed and named the first five series: 


SERIES OF, HYDROGEN LINES 


Lower level Location in spectrum Name 
I 1,200- 900 A Lyman 
2 6,600- 3,600 “ Balmer 
3 19,000- 8,200 Paschen 
4 41,000-15,000 ** Brackett 
5 74.000-23.000 Pfund 


The Lyman series lies entirely in the far ultra-violet inaccessible in 
stellar spectra while the Brackett and Pfund series are deep in the 
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infra-red, where present methods are inadequate to record lines in 
stellar spectra. The Balmer series is favourably situated and has 
been so extensively studied since the days of Sir William Huggins 
that its behaviour is well known and need not be described here. 

It may be useful to summarize previous observations of the 
Paschen lines. Laboratory observations of the first two lines 
m=4, 5, \\18751, and 12818 A, by Paschen himself, using a 
bolometer, were reported in 1908. About fourteen years later, 
F. S. Brackett, working at Johns Hopkins University with a 
sensitive thermocouple constructed by A. H. Pfund, found 3 or 4 
additional lines. The first photographs of Paschen series lines 
were made a few years later at Johns Hopkins by A. H. Poetker on 
neocyanin sensitized plates prepared by the Eastman Kodak 
Company. The lines \10049 (m=7) to \8863 (m=11) were 
included. 

The first astronomical identification was of the line 10049 
made by H. D. Babcock on his photographs of the solar spectrum 
and on the bolometer tracings of Abbot and Freeman. Babcock 
also suspected the presence of the preceding line \10938 on the 
bolometric record. Recently, H. W. Babcock has found nine 
members of the Paschen series, \9546 (m=8) to \8502 (m=16) 
inclusive, as diffuse emission lines on spectrograms of the solar 
chromosphere made, without an eclipse, at the 150-ft. tower 
telescope of the Mount Wilson Observatory. 

The first spectrograms to show these lines in stellar spectra 
were taken in June, 1932. Since then numerous photographs 
showing lines from \8862 (m=11) to \8334 (m=24) have been 
obtained. The appearance and general behaviour of the Paschen 
lines in the various types of the stellar sequence is much like that 
of the corresponding Balmer lines. They are conspicuous in 
A-type spectra, especially in the ‘‘c’’ stars 8 Orionis and a Cygni. 

Three stars in whose spectra certain members of the Balmer 
series appear as emission lines have been photographed in the infra- 
red. In-y Cassiopeiae, BOne, and P Cygni, Beq, numerous Paschen 
lines also are bright, but in R Hydrae, M7e, no Paschen lines, 
either bright or dark, have been distinguished. 

The ionized calcium lines \A8498, 8542 and 8662, like the related 
lines H and K in the violet, are prominent through a range of 
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spectral type from A to M and constitute convenient landmarks 
in the near infra-red. The infra-red lines arise from a metastable D 
term and thus tend to exhibit, in absorption, the properties of 
ultimate lines. The general behaviour in stellar spectra is therefore 
much like that of H and K, but some interesting exceptions occur. 
The facts suggest that among the hotter stars high luminosity 
enhances H and K with respect to the infra-red lines, while among 
red stars the reverse relationship holds. The calcium triplet has 
been found in emission in the spectrum of the long-period variable 
star, R Hydrae. 


The interval of spectral type through which the neutral oxygen 
line \8446 and the triplet 7771-4-5 have considerable intensity is 
about AO—GO, but these lines appear very sensitive to absolute 
magnitude. They are more intense in a Cygni than in any other 
object photographed. The presence of these lines in emission in 7 
Cassiopeiae and P Cygni strengthens the correspondence between 
atmospheres of Be stars and the solar chromosphere. 


Lines accentuated in the infra-red spectrum of a Cygni, possibly 
in consequence of the star’s high absolute magnitude, are those of 
H, OI, N I, Mg Il. These lines should prove valuable in the 
problems of high-luminosity stars of types B—G. 


The region from 8320 to 8840 A in spectra of classes K and M 
is dominated by lines of three elements, calcium, titanium and iron. 
Calcium is represented by the triplet of ionized lines, titanium and 
iron by numerous lines of the neutral atom. The only notable line 
not due to one of these three elements is \8806 of neutral magnesium. 


The characteristic bands in N-type spectra have, for many years, 
been ascribed to carbon or cyanogen. Identifications of additional 
cyanogen bands in the extreme red and infra-red have been brought 
out by recent photographs at Mount Wilson. It therefore seemed 
desirable to ascertain whether details of the complex stellar spectra, 
almost wholly unidentified except for band-heads, correspond with 
groups of individual band lines. For this purpose Dr. King kindly 
offered his photographs of furnace spectra, from which were 
prepared positive copies with the scale reduced to that of the stellar 
photographs. Direct comparisons of the stellar negatives with the 
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laboratory positives yielded convincing evidence that a very large 
part of the extraordinary structure in N-type spectra between 6910 
and 8780 A may be attributed to absorption by cyanogen molecules. 
Many, and perhaps all, the apparently bright lines are only bits of 
continuous spectrum emerging through narrow interstices in the 
complex network of absorption lines. As Dr. Sanford has since 
found that this explanation is true also of the regions of shorter 
wave-length, the well-known difficulty experienced by previous 
observers in making chemical identifications of the narrow maxima 
as emission lines is understandable. 

Time allows only a bare mention of the extremely interesting 
recent investigations of the infra-red spectra of the planets. Slipher, 
whose earlier work on the visual region of planetary spectra is well 
known, photographed conspicuous dark bands in the spectra of 
Jupiter and Saturn near 7920, 8400, 8615 and 8810 A. His spectro- 
grams extended beyond 10,000 A. Observations by Adams and 
Dunham in the infra-red have revealed the presence of carbon 
dioxide on Venus, and, in confirmation of probable identifications 
by Wildt, of ammonia and methane on Jupiter and Saturn. 


We now turn to longer wave-lengths which can not yet be 
photographed. It is not for lack of stellar energy, however, that 
the photographic plate is impotent. As Fig. 1 shows, the radiation 
of a low temperature star has far more energy per angstrom between 
10,000 and 20,000 A than at the shorter wave-lengths where 
photographs are taken with ease. This leads us to hope that in the 
near future emulsions sensitive far into the infra-red may be 
produced. Moreover, it is possible that photoelectric cells sufh- 
ciently sensitive to the infra-red for stellar observations may soon 
be developed. 


For the present, however, we have recourse only to measure- 
ments made by means of so-called ‘‘non-selective’’ receivers that 
react equally to a given amount of radiant energy, no matter what 
its wave-length. This appears not to be true of any chemical or 
electronic process. It is well known, however, that all radiation 
falling on a dull black (non-reflective) surface is transformed into 
heat, and the resulting rise in temperature of the receiver is a 
measure of the intensity of the incident radiation. The problem 
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thus resolves itself into detecting and measuring very small changes 
in temperature. 


A very small blackened receiver at the focus of the 100-inch 
telescope on Mount Wilson may be heated as much as 0.°015 C. 
by the image of Betelgeuse. For fainter stars the measured 
increase in temperature is often but a few millionths of a degree. 


These small temperature differences have been successfully 
measured by devices of three different types: (1) the thermocouple, 
(2) the bolometer, (3) the radiometer. In the thermocouple the 
heat is conducted from the receiver to a small area of contact 
between two suitable metals and there generates a minute electric 
current, which is measured with a sensitive galvanometer. In the 
bolometer, the change in electrical resistance of a small metal strip 
exposed to the stellar radiation is measured. The action of the 
radiometer depends upon the rotation of a delicately suspended 
vane, caused by the increased rebound of the molecules of the 
surrounding gas when one side of the vane is warmed by starlight. 
Measurements of stellar radiation by the three methods have been 
made by various observers as follows: The thermocouple—Pfund 
at Allegheny Observatory, Coblentz at Lick and Flagstaff Observ- 
atories, Pettit and Nicholson at Mount Wilson Observatory; the 
bolometer (originally developed by Langley for measurements of the 
solar spectrum)—Abbot at Mount Wilson Observatory; the 
radiometer—Nichols at the Yerkes Observatory, Abbot and Smith 
at Mount Wilson Observatory. The sensitivity of these three 
instruments, which measure the rise of temperature in entirely 
different ways, is nearly the same. 


Investigation of stars with these instruments is still in the 
pioneer stage, but numerous significant results have already been 
obtained. Infra-red light plays an especially important réle in the 
study of low-temperature stars, many of which are long-period 
variables. Ultra-violet light would be equally important in observa- 
tions of high-temperature stars, were it not shut out by the earth’s 
atmosphere. 


Stellar radiation measurements show that, to a first approxima- 
tion, the intensity of infra-red light from cool stars is that to be 
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expected on black body theory if temperatures deduced from 
observation at shorter wave-length are correct. The effect on 
colour and heat-indices of departures from black-body radiation, 
due to band-absorption or other causes, should be carefully studied. 


Pettit and Nicholson, measuring with a thermocouple the 
energy collected by the 100-inch telescope, have discovered certain 
remarkably interesting facts concerning the behaviour of long- 
period variable stars. They found for six objects the mean range 
in total energy to be only 0.9 mag., whereas the visual range is 
5.9 mag. In other words, in passing from minimum to maximum 
the brightness of these stars is multiplied by 230, while the total 
heat radiated is only slightly more than doubled. Pettit and 
Nicholson also found the energy maximum to occur 50 days (about 
one seventh of the cycle) later than the light-maximum, when the 
brightness has decreased by 1.5 magnitudes (7.e., to one fourth 
of the maximum brightness). The importance of these facts in the 
study of long-period variables as immense gaseous globes of fluctuat- 
ing brightness is obvious. 


The same observers have obtained useful data by comparing the 
total radiation of a star with that transmitted by one centimeter of 
water which screens out radiation of wave-lengths greater than 
about 12,000 A. For long-period variables at minimum light the 
water cell transmitted less than one seventh of the total energy. 


Dr. C. G. Abbot in 1923 and 1928 employed radiometers in 
connection with the 100-inch telescope to make measurements of 
the intensity at various points in low-dispersion spectra of a few 
bright stars. Readings were made at nine wave-lengths from 
4370 A to 22,240 A. The data were sufficiently accurate to outline 
the general form of the energy curve and to show the approximate 
position of its maximum. Dr. Abbot thought a tenfold increase in 
sensitivity would justify a long campaign of observations of spectral 
energy-distribution. Dr. Sinclair Smith has recently devised a 
modified technique, which may afford the desired improvement and 
thus make possible the determination of accurate energy curves of 
numerous bright stars. Investigations of this kind, combined with 
reliable spectrophotometric measurements by photoelectric cells or 
by photography, should in the near future greatly extend our present 
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fragmentary knowledge of energy distribution in stellar spectra, 
and thus be of fundamental importance in the solution of many 
astrophysical problems. 


Addendum 


The following articles on invisible starlight have been published 
since January 1, 1934. 


(1) The Optical Performance of the newly Aluminized Mirror of the Crossley 
Telescope. W.H. Wright. Pub. A.S.P., vol. 46, p. 32, 1934. 

(2) Photo-electric Photometry in the infra-red with the Loomis Telescope. 
John S. Hall. Ap. J., vol. 79, p. 145, 1934. 

3) Photography of the Near Infra-red Region of Stellar Spectra. Paul W. 
Merrill. Jhid., p. 183. 


ON THE MEANING OF THE WORDS “ASTRONOMY” AND 
“ASTROLOGY” IN ANTIQUITY AND THE MIDDLE AGES 


By E. M. ANTONIADI 


R. C. A. CHANT, the distinguished editor of this JOURNAL, 

having informed me lately that the question concerning the 

title of the present paper had been recently raised in the University 

of Toronto, I hasten to give here the result of my enquiry on the 

subject when studying Greek astronomy in the original texts of the 
ancient philosophers. 


The word daorpovoyia, astronomy, derived from aéo7pov, a heavenly 
body, or constellation, and véuewv, to distribute, also to estimate 
properly, seems first to occur, with its present meaning, in a poem 
on our science attributed to Orpheus, who lived some 14 centuries 
before Christ. We next find it, in antiquity, in Aristophanes 
(410 B.C.), Hippocrates (400), Xenophon (400), Plato (380), 
Theophrastus (320), Sextus Empiricus (180 A.D.), Clemens of 
Alexandria (200), Achilles Tatius (280), Proclus Diadochus (450) ; 
and, in the middle ages, in Simplicius (510), Suidas (950), Nice- 
phorus Blemmides (1250), and others. 


The etymologically preferable word daorpodoyia, astrology, from 
aotpov, as above, and deve, to tell, to say, to speak, to call, to gather 
to choose, was originally synonymous with derpovoyia, astronomy, 
having exactly the same meaning as this word. We thus find it 
used in that sense in the writings of Xenophon (400 B.C.), Aristotle 
(350), Theophrastus (320), Euclid of Alexandria (320), Eudemus 
(300), Hipparchus (150), Geminus (80), Diodorus Siculus (40), 
Lucianus (160 A.D.), Sextus Empiricus (180), Proclus Diadochus 
(450), and others. 


Whereas Aristotle uses invariably the term aorpodoyia, astrology, 
for astronomy, the two words are synonymous, meaning astronomy, 
in the works of Xenophon, Theophrastus, Sextus Empiricus, and 
Proclus Diadochus. 


As far as my researches go, the term aorpodoyia, astrology, ceased 
to mean only astronomy, and began to be applied also to the deceit- 
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ful art of astrology, or prediction of events by the position of the 
stars, some time before Christ. It is thus used in that disparaging 
sense by Diodorus Siculus (40 B.C.), Sextus Empiricus (180 A.D.), 
Clemens of Alexandria (200), Achilles Tatius (280), Eusebius of 
Pamphilus (330), Proclus Diadochus (450), John Zonaras (1150), 
and others. 


RADIO TALKS OVER CFCT, VICTORIA, B.C. 


By W. E. Harper 


No. 65.—ANCIENT ASTRONOMY: CHINESE AND BABYLONIAN 
(April 18, 1933) 


WISH to outline the contributions to astronomy which have been 

made by ancient peoples. By ancient, I mean those existing prior 
to the middle of the second century when was finally crystallized 
the Ptolemaic theory according to which the earth was considered 
to be the centre of the universe. No advance in the science occurred 
during the 1400 years such theory held sway over the minds of men 
and modern astronomy may be considered to have begun only when 
such earth-centred theory was overthrown by Copernicus in 1543. 
We are to consider as ancient astronomy then, all the knowledge that 
had been gained in the science up to the middle of the second century 
after Christ was born, that is, up to 150 A.D. 

Of the countries whose contributions date farthest back in the 
remote past it may seem strange to have to place China, so often 
referred to as the great sleeping giant. And while the records are 
very meagre, due in part to the burning by one of the ancient 
Emperors, Tsin-chi-hoang-ti, of existing works of literature and 
science, nevertheless we know they had a fairly good notion of the 
motions of the sun and moon, sufficient at least to understand 
eclipses, as far back as 3000 B.C. They had astronomers whose 
business it was to make the necessary calculations for the prediction 
of eclipses so that their people might be duly warned and not be 
panic-stricken. The story goes that two of these Imperial astro- 
nomers, Ho and Hi, were men of dissolute habits, spent much of 
their time in a state of drunkenness and failed to predict the eclipse 
of the 22nd of October, 2137 B.C. Needless to say they were not 
given another chance. Summing up, then, in a suggestive way, we 
may say the Chinese produced rough instruments to measure the 
positions of the principal heavenly bodies with sufficient accuracy to 
follow and predict their courses throughout the year. Whether they 
understood or not all the implications of a total eclipse of the sun 
they at least were able to predict empirically the occurrence of such. 
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Westward from China lies the great Indian Empire. I am not an 
authority on the matter but I am under the impression that while 
these people viewed with awe and wonder the majesty of the 
heavenly host and worshipped the sun and moon, -et any contribu- 
tion to an understanding of the universe seems not to have been 
made by them in ancient times or at least such has not been handed 
down to us. The East Indian mind, however, is wonderfully keen 
and alert in physical science today and it may well be some important 
discoveries in astronomy were made by their ancestors a few 
thousands of vears ago which have not as yet come to light. 

Bordering on the shores of the Mediterranean have existed 
several races which have profoundly increased our knowledge of 
astronomy. In a special sense though the valley of the Tigris and 
the Euphrates is regarded as the birth place of astronomy and, 
further, the Babylonians seem to have made the earliest advances 
in the matter of instruments to assist them in their observations of 
the heavenly bodies. 

It will help us to understand the situation better to remember 
that the earliest races of mankind did not live in houses like we do, 
nor had they artificial lights. They were for the mest part a pastoral 
people living in the open and leading their flocks from place to place 
where the best pasture could be found. The ezrliest impression 
made upon the primitive mind was doubtless the recurrence of day 
and night. By degrees they came to realize that the length of the 
day was different at different seasons of the vear. Of that 1 shall 
speak later. 

But a greater advance seems to have come in the recognition 
that not only the sun moved about the earth but that the stars did 
likewise. Where this was first discovered is hard to say, possibly 
by the Chinese though more likely by the Chaldeans here in the 
valley of the Euphrates. In any case the date is some 3000 years 
before Christ was born and the discovery may be said to be lost in 
the mists of antiquity. Like the sun in the day time, then, the stars 
at night appear to rise in the east, to move across the sky and to 
set in the west. As these primitive shepherds reclined on the earth 
at night, gazing into the heavens they were led to weave the brighter 
stars and surrounding fainter ones into fancy figures representing 
common objects or animals with which they were familiar. 
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Thus they had the hunter, the bear, the lion, the eagle, the swan, 
the scorpion, the dragon and numerous others. ‘These were not all 
named at any one time and the process probably iasted for one or 
two thousand years, being shared in by many races and peoples. 
These groups, or constellations as they are called, have come down 
to us to-day very much as they existed three or four thousand years 
ago. If we fail to see the exact resemblance to the object the con- 
stellation is supposed to represent we must remember that in the 
clearer skies of eastern lands, and with possibly better eyesight on 
the part of the observers, fainter stars than our eyes can detect were 
seen by them to round out, as it were, the figure outlined by the 
brighter stars. And yet, who can fail to recognize the figure of the 
mighty hunter in the group known as Orion, the winter constellation 
now setting in the south-west in the early evenings. The four 
outstanding bright stars outline his body, the three in line his belt, 
another fainter three his sword, while others represent his head and 
uplifted right arm. Nearly everyone knows and iakes a delight in 
looking at this star group of the mighty hunter Orion. And if it 
should be that the hunter is not familiar to all, it would seem that 
the Bear in the northern skies most assuredly is. Seven bright stars 
forming a portion of the group happen to have the form of a dipper 
and possibly many think of the group only in this more limited sense. 

With the arrangement of the stars into groups came the discovery 
that different groups were visible at different seasons of the year. 
It seems to have been the duty of some persons to watch when these 
groups could first be seen in the morning sky and thus we have the 
ancients as practical beings learning from the sky when to plough 
their fields and sow their corn. Thus, in ancient as in modern times, 
astronomy had not only its cultural side but its practical uses as well. 


No. 66—ANCIENT ASTRONOMY: Eoyptian 


(May 16, 1933) 


In my last monthly chat with you I spoke of the beginning of 
astronomy in the valley of the Euphrates, suggesting that many of 
our well known star groups were named by the Chaldeans a few 
thousand years ago. The world, as they knew it in the very dawn 


hit 

by 

ue 

4 

Pas 

a 

4 

j 

4 

7 


212 IV. E. Harper 


of civilization, was a kind of enclosed chamber balanced on the 
bosom of the eternal waters. The earth was the floor, rising 
gradually from the rim to an elevated centre which they considered 
to be the snow-capped mountain peaks where the Euphrates had its 
source. The dome above was supported from the rim of the earth 
and was pierced by two openings. Through the eastern one the sun 
came forth each morning, mounted the heavens and departed for 
the night through the western one. Such ideas were current possibly 
a few thousands of years earlier even than the work of star group- 
ing, which was undertaken once they had recognized the starry 
heavens moved as well as the sun. 

Egyptian astronomy seems to dip back into antiquity almost as 
far as that which had its origin in the valley of the Euphrates. The 
Egyptians imagined the universe to be like a rectangular box, the 
varth being the floor with Egypt in the centre. The sky stretched 
over it like an iron ceiling and it was sprinkled with lamps hung 
from strong cables. These lights were extinguished in the daytime. 
As the river Nile was vital to their earthly existence they tried to 
duplicate it in the heavens. The sun was supposed to be a dise of 
fire, placed on a boat and carried by this river round the ramparts 
of the world. They recognized that the sun was among different 
star groups at different times of the year and so they named the 
groups along its yearly course to correspond with the counties along 
the Nile itself. Each spirit had its own terrestrial and celestial 
county or seat. 

While the celestial world above them thus stimulated their imag- 
ination and produced a mass of myth and legend, no more or less 
crude than that of other ancient peoples, it seems to be the opinion 
of most writers that there was no speculation among the Egyptians 
as to the real nature of the heavenly bodies. Some of the Greek 
writers, it is true, bestowed a measure of praise upon the Egyptians 
for their science but others like Plato held that his own people were 
more speculative than the Egyptians who were of a practical turn 
of mind. 

It would seem that they watched the stars for the purpose of the 
measurement of time at night, an idea suggested by the discovery of 
tables of stars depicted on the tombs of kings at Thebes. Moreover, 
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for agricultural purposes they seemed to note the times when certain 
stars first appeared in the morning sky. We are all familiar with 
the fact that the stars which rise on the eastern horizon at any stated 
hour, say at midnight, are different, month by month. Similarly the 
stars which are rising at dawn differ during the vear, and it seems 
to have been the duty of somebody to watch for the day when 
certain stars, like Sirius say, were first seen. in this way the 
approximate length of the year was obtained as far back as 4241 
B.C. Thus a calendar was developed and from long experience they 
would know when to plant their crops. 

Again, Egyptian buildings were strictly oriented by the four 
points of the compass and this was achieved by‘taking a bearing on 
the Pole star of that epoch. This presupposes that they must have 
observed its fixity in the heavens and furthermore that groups of 
stars in its neighbourhood never dipped below the horizon. Their 
most important buildings or works which have survived to this day 
are the pyramids and temples. The orientation of these gives a clue 
to the date of their construction for we know that owing to what 
astronomers call “precession of the equinoxes” the earth’s axis 
points to a different point of the heavens now to what it did at that 
time. ‘To be explicit, the pole of the earth’s axis traces out a circle 
in the northern sky of 23 degrees radius, completing the round of 
the circle once every 25,800 vears. Thus 4600 vears ago it would 
be about sixty degrees on the circle from its present position and the 
nearest bright star to that position (Alpha Draconis) would in those 
far off days be designated the Pole star. 

As further testimony to their habit of orienting their buildings, 
it is thought that many of the long passages in their temples, leading 
to an inner chamber or Holy of Holies, were built in such a direction 
that at certain times of the vear the rising sun would shine down 
the opening and light up for a few moments an ovject placed upon 
the altar. The explanation usually offered for such a peculiar 
arrangement of the passageways is that the priests were jealous of 
their positions and wished to impress the people with the idea that 
they, the priests, and the gods were working together. Such an 
illuminated altar at the predicted time would be looked upon as 
nothing short of miraculous and in this way the priests traded upon 
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the ignorance and superstition of the people. Whether this sugges- 
tion is far fetched or not, the fact remains that their buildings were 
strictly oriented to the cardinal points and this being so we are 
convinced they had observed very accurately the position of the pole 
in the heavens. 

But if Egypt left nothing of value of a theoretical nature con- 
cerning the heavenly bodies, certain it is that near the close of her 
greatness a valuable contribution was made by Ptolemy in putting 
in catalogue form the positions of 1028 of the brighter stars. Many 
of these were copied directly from the manuscript of Hipparchus, 
the master mathematician and philosopher of Alexandria, but 
Ptolemy added to his list and gave accurate positions and descrip- 
tions which are invaluable to-day for reference. Of Ptolemy himselt 
little is known save that he observed 126-151 A.D., though it ts 
fairly certain he was not one of the kings of Egypt of that family 
name. 

Ptolemy affirmed that the earth was spherical and the proofs 
which he gave are those common in text books to-day, such as ships 
disappearing over the horizon, the changed appearance of the heavens 
as we go north or south, etc., etc. He considered that the earth was 
free in space, was without supports and surrounded by stars and 
this viewpoint reveals quite a development of the human intellect 
for his day. Unfortunately, he came to the conclusion that the earth 
did not rotate and had to develop a complicated system of circles to 
explain the motions of the planets. His theories of a central immov- 
able earth with the planets and stars moving around it, though 
erroneous, persisted for 1400 years, so well did they account for the 
observed motions. Doubtless, the prestige of his great name helped 
m their being unchallenged during that long interval. 


No. 67.—ANCIENT ASTRONOMY: Greek 


(June 20, 1933) 


It has been quite truly stated that astronomy, the oldest of the 
sciences, has had three distinct epochs, each differing from the others 
in character. In the very dawn of civilization we had the myth- 
ological, in which age legends concerning the heavenly bodies grew 
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up; then we had the philosophical age when man tried to reason 
out what the heavenly bodies might be and lastly the scientific era 
where these bodies were actually observed and the accumulated 
facts pieced together in a well-ordered theory of the structure of 
the universe. 

Among the races of antiquity—the Assyrians, Babylonians, 
Egyptians, Hebrews and the Greeks before the first millenium 13.C. 
—cosmology and theology were somewhat interwoven. The rise of 
astrology among the Assyrians and Babylonians was a preliminary 
step to the dissociation of science and religion. Astrology of course 
has nothing to commend it to-day and is a relic of barbarism, but 
at least we can credit it as being one of the initial forces instrumental 
in assigning science and religion to their respective spheres. The 
astrologers had to study the motions of the heavenly bodies sufficient 
to predict their future positions and came to recognize an ordered 
world and to that extent were better than witches and sorcerers. 

As for the Hebrews, the implacable opposition of their religious 
teachers to idolatry and star-worship was not without influence in 
clearing up the confused state of early thought. The Hebrew 
prophets differentiated between religion and the study of the natural 
world and left the latter open to investigation. It is true there are 
many references in the Old Testament of an astronomical character. 
as for example the illustration in the prophecy of Jocl: “The sun 
shall be turned into darkness and the moon into blood before that 
great and terrible day.” The Hebrew people, however, felt no alarm 
for either solar or lunar eclipses, here so vividly described, because 
they were instructed of their prophets that these were purely natural 
phenomena. We may sum up by saying that the work of these 
Semitic star gazers whether Assyrian, Babylonian or Jew prepared 
the way for the Greek philosophers. 

Before their time, of course, the Greeks had passed through the 
stages of the formation of the star groups and the myths and legends 
which came in their minds to be associated with these. The naming 
of the star groups can be assigned to a fairly definite date and 
latitude. From any place in the northern hemisphere a portion of 
the southern skies is never seen. The centre of sach an uncharted 
region of the heavens gives a clue to the position on the earth of the 
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observer. But due to the precession of the equinoxes, previously 
referred to, the stars seen from any station in the northern hemi- 
sphere would be different now to those seen a few thousands of years 
ago, the difference being easily calculated from the known rate of 
change. Taking all things into account it appears that the star 
groups as we now have them were practically complete about 2800 
B.C. and were designed by races living in north latitude approxi- 
mately 36° to 40°. It is likely that the Greeks had a hand in the 
designation of the star groups as they have come down to us, 
although the major work was done by the peoples in the valley of 
the Euphrates. 

Certain it is the latter were more advanced in astronomical 
science in early days and from them the Greeks learned a great deal. 
In the lonian city of Miletus which had come into contact with 
Sabyionian culture, lived about 540 B.C. the Greek philosopher 
Thales who had learned from them of the pole of the heavens, the 
sun dial and their divisions of the day into twelve parts. By use of 
their tables he actually predicted a total eclipse of the sun which 
gave him a certain prestige among his own people. But it is stated 
even of Thales that he held the simple belief that the earth was a 
circular dise floating on the primal substance water. The sun was 
a hole in the sky through which was visible the fire which filled the 
rim of the universe. The stars were as nails driven into the solid 
vault. Childish as such notions seem to us, they represent the 
beginning of speculation about such things and Thales may be said 
to be the first of a long line of philosophers who concerned them- 
selves with the natural world for its own sake. 

A century and a half later, that is, about 400 B.C., we have 
Eudoxus, who may be classed as the first inductive observer, that 
is, one who reasoned from actual observations. To explain the 
phenomena which he observed such as the wandering of the bright 
bodies, now called planets, among the stars, he proposed a scheme 
of concentric spheres. Each ceiestial body was supposed to be 
situated on the surface of a sphere concentric w:th the earth and 


turning about it. But others guessed more of the truth. Pythagoras 
believed that the earth was round, immovable and rested upon 
nothing. Aristarchus stated that the apparent motions of the 
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heavenly bodies were explainable on the theory that the earth was 
rotating about an axis and in revolution about the sun. He was 
many centuries in advance of his day. These notions, compounded 
of error and truth, were put into a definite form by Aristotle and 
because of the prestige of his name were accepted as the final word 
for a long period. The Alexandrian poet Aratos, who lived about 
270 B.C., put into verse the writings of Eudoxus and from these 
poems we have the constellations known as far back as 2000 B.C. 

But it is to Hipparchus, the Greek mathematician, living at 
Alexandria, that we owe the biggest contribution to astronomy. With 
crudely made instruments he observed and made a catalogue of the 
brightest stars, describing each with reference to the group in which 
it was. It was this catalogue that Ptolemy copied and enlarged some- 
what for his catalogue of 1028 stars found in his Almagest. But 
Hipparchus studied also the motions of the sun, moon and planets 
and framed theories to account for such motions. To him we owe 
the mathematical science of trigonometry built up by him to solve 
the problems met with. 

But his crowning achievement was his detection and rough 
measurement of what we term the precession of the equinoxes. By 
determining each year the position of the sun relative to the stars 
when the day and night were equal, he concluded that the equinoxes 
were shifting, relative to the stars, a small amount each year. He 
calculated the rate of movement to be such that a complete circle 
would be passed over in 25,000 vears, a value very close to that 
accepted to-day. Such discovery was a combination of accurate 
observation and skilful interpretation. Not until Newton's time, 
2000 vears later, the reason for such precesion was learned. 


No. 68.—THE PLANET SATURN 


(Sept. 19, 1933) 


One of the most interesting objects in the sky at the present 
time is the planet Saturn. Many who have visited the observatory 
on a Saturday evening when this particular object has been shown 
will recall the peculiar ringlike structure surrounding the main 
body of the planet. It might be described by saying it looks like 
the broad rim of a straw hat taken from the hat and placed collar- 
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like over a sphere somewhat smaller than the rim itself. Sometimes 
we see the ring almost edge on, when it looks like « straight line of 
light; at other times we see it at various angles, though never 
broadside on. 

Saturn is the second largest planet, being about 820 times the 
size of the earth. Both revolve about the sun but Saturn, being about 
9.5 times as far away from the sun as is the earth, has a much longer 
journey to make. Further, it pursues its way at a more leisurely 
pace and takes 29.5 years to make one complete revolution. For 
illustration purposes, imagine the sun to be at the centre of a round 
table with the planets revolving about it in the plane of the table top. 
Saturn may be assumed to be revolving just at the edge of the table, 
whilst the earth will be moving in its orbit only a iew inches from 
the centre. If Saturn's ring is seen edge on when it is, say, at the 
east side of the table, it will also be seen edge on half the period 
later, when it is at the west side. Intermediate between such phases 
it will be seen opened out to its maximum extent. Such a condition 
is due simply to the fact that the plane of the ring remains parallel 
with itself as the planet moves about the sun. In the summers of 
1907 and 1921 the ring was thus seen edge on. At the present time 
the ring is seen fairly well open but it is gradually closing in and in 
January 1936 it will again be seen edge on, when it will appear as a 
thin line of light, if indeed it is visible at all. 

In our use of the table top we were not quite accurate in assum- 
ing that the planets moved exactly in one plane. They all depart 
a small amount from the common plane of motion and the earth is 
no exception to the rule. Near to the time when the ring is due to 
lisappear it has happened that the sun is shining on one surface of 
the ring whilst we are viewing it from the under surface, as it were, 
and in consequence it is almost entirely lost to view. Such may 
persist for three or four months. 


The ring itself is not solid but consists of innumerable small 
bodies like little moons, closely packed and revolving about the 
massive nucleus of the planet itself. If it were one solid piece the 
inner and outer parts would move around in identical periods of 
time. Keeler’s spectroscopic observations of 1895 showed that the 
inner portions were moving at a much faster angular rate than the 
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outer and consequently the ring is not rotating as a fixed sheet. The 
whole ring is of the order of 40,000 miles in width but it is only 
10 or 15 miles in thickness. In this thin ring structure the particles 
of a few miles or less in diameter lie strewn. Do not imagine they 
are so closely packed that they are touching each other; as a matter 
of fact they do not occupy more than about 1/toth of the total 
space. This is known from the fact that stars have been seen 
through parts of the ring, testifying to its transparency. 

The planet itself has a very low density, being only about 1/8th 
that of the earth and, moreover, most of its mass is concentrated 
near the centre. Its outer atmospheric covering then must be 
extremely rarefied and it is not surprising that, due to its axial 
rotation, the planet’s equatorial diameter is much greater than the 
polar. The equatorial bulging is as much as ten per cent. 

The permanent markings in the planet’s atmosphere are in the 
nature of belts parallel to the equator, just as in the case of Jupiter. 
It is only rarely, though, that spots appear which are well enough 
defined to permit a determination of the rotation period. A white 
spot appearing in 1876 and lasting several weeks gave a rotation 
period of 10" 14™ whilst one in 1903, discovered by Barnard, gave a 
period 24" longer. ‘The period is of the order of 10", but the rota- 
tion is most rapid at the equator and diminishes as we go to the 
polar regions. This is exactly similar to conditions on the sun. 

A’ few weeks ago announcement was made of the discovery of 
another remarkable spot on the surface of the planet. According to 
the despatches it was a large white spot on the planet’s equator and 
its diameter was about one-tenth that of the planet itself, or 7000 
miles—truly an atmospheric disturbance on a large scale. Doubtless 
observers of planetary detail are following it closely and a new and 
improved value of the rotation period may be derived. 


No. 69.—SurFace FEATURES, EARTH AND Moon 
(Oct. 17, 1933) 


I have thought it of interest to compare the earth and our 
satellite, the moon, with respect to their surface features and try 
to visualize how they would look to an unbiased observer off in space. 

He would, of course. see that the earth was much the larger of 
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the two. Its equatorial diameter is 7927 miles while its polar is 27 
miles less and if he were keen sighted he could recognize this 
flattening in the polar direction. No such flattening is evident on 
the moon, whose diameter is 2160 miles or a little over one-quarter 
that of the earth. While we think of the earth's surface as extremely 
uneven, due to high mountains, vet relative to the dimensions of the 
earth itself these elevations would not be striking, being comparable 
to wrinkles skin-deep on its surface. 

Such an observer could not fail to note the land and water areas 
on our globe and the outlines of the great continents. The waiters 
cover 71 per cent of the earth's surface, the land ithe remaining 29 
per cent. Since neither earth nor moon is self-luminous but receives 
its light from the sun, the brightness of any part of either would 
depend upon its reflecting power. In the case of the earth we have 
a great number of factors to be taken into account before we could 
say how bright any part would appear to our imaginary observer. 

Chief of these are the clouds which on the average cover at any 
one time about half the earth’s surface. These have a high reflect- 
ing power, being about three-fold that of the earth with the clear 
sky above. (To philosophize a moment—we should remember then, 
when everything seems darkest to us we are in reality most luminous 
to our celestial neighbours.) There would appear then across the 
whole equatorial belt, where rains are prevalent, brilliant white belts 
due to the clouds. These would shift slightly north and south with 
the seasons and would be flanked on either side by darker areas in 
the relatively cloudless skies of the temperature zones. Beyond 
these again would come brighter areas due to the polar ice tields. 
Due to the rotation of the earth these cloud markings would shift 
from west to east in approximately 12 hours but due to trade winds 
and other causes there would be considerable local variation from 
the average. An observer trying to determine our rotation period 
from such cloud markings would likely give up the job in disgust. 

In the portions of the earth’s surface free from cloud the desert 
regions would appear as yellowish or reddish in colour and such 
would reflect much more than the grass or cultivated lands which 
would appear somewhat greenish. Forest covered areas would 
appear much darker than either and would be only a shade brighter 
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than the oceans which would be the most distinctive feature because 
the largest and darkest. Irom the outlines of the oceans the rotation 
period of our earth could be easily determined. But even when 
free irom cloud there would be an overhanging veil of blue such as 
often lies between ourselves and distant mountains. Only when the 
sky was perfectly free of dust and haze could the observer make 
out any details on the surface of our planet. 

Turning his attention to the moon the observer would first 
remark on how much less light was received from it than from the 
sarth. Though the earth’s surface area is only 13.4 times that of 
the moon it reflects back 40 times as much light as the moon so that, 
area for area, its reflecting power is three times that of the moon. 
This difference is due in large measure to the absence of clouds 
or indeed any atmosphere whatsoever on the moon’s surface. There 
is much evidence that there is no atmosphere on the moon. 

If the moon ever was part of the same mass as the earth, as we 
believe it to have been, it must have, on parting, carried away its 
portion of water vapour and atmosphere. Where has it gone? To 
put it briefly the moon has not sufficient mass to hold an atmosphere 
and so little by little it has escaped until not a vestige remains. 

Thus it comes that we see the surface of the moon undimmed 
by any atmospheric covering and there is not the variety of bright- 
ness or of colouring as greets the eye of our imaginary observer 
when he compares it with the earth. It is true that when the sun is 
shining across one’s line of vision as at the half-moon phase then 
there are brighter and darker areas, the latter being simply the 
lower lying levels not fully illuminated by the sun's rays. 

The most impressive feature of the moon’s surface, though, is 
its mountainous character. There are chains or ranges of mountains 
like the lunar Alps and Apennines, but for the most part the moun- 
tain peaks are isolated. In appearance many resemble somewhat 
the volcanoes on the earth, conical in form, their apices pointing 
upwards. Again, many are of the type where a surrounding rim 
encloses a level area which may be five to fifty miles in diameter or 
even more. To give a homely illustration, we may compare such to 


the appearance which a mass of porridge blubbering in the vessel 
would have if instantaneously solidified. 
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How these mountains originated is a matter oi debate. It may 
be they are of volcanic origin caused by escaping gases before the 
mass became cold and dead. On the other hand some maintain that 
the ring-like formations were caused by the bombardment of meteors 
when the surface was in a more or less plastic state. 

One objection to the bombardment theory has been that if 
meteors pock-marked the moon why did such net happen to the 
‘arth? ‘This objection would seem to be no longe* valid as similar 
markings on the surface of the earth have within the past few years 
been -recognized. Airplane views of a section of South Carolina 
showed a number of oval formations which had never been recog- 
nized from the surface itself. These were then examined on the 
spot and found to consist of a central depression with a surrounding 
cup or rim a few feet in height. The sizes varied trom diameters of 
a quarter of a mile to those of a mile and upwards and all were 
oriented in the direction running from northwest to southeast. The 
pictures being shown by the Aerial Surveys to a geologist he at once 
sensed their great value from a scientific point of view. Over 500 
square miles have now been photographed from ithe air and these 
pieced together make a wonderful mosaic showing about 70 of these 
peculiar crater-like formations. 

The theory is that they were formed by a group of meteors 
moving in a stream from the northwest, the width of the stream 
being at least 400 miles. ‘They struck the earth at an angle of about 
45° causing the southeast rim in each case to be somewhat higher 
than the rest. The biggest craters are the most elliptical, which fits 
in beautifully with the idea that smaller masses would be the most 
retarded by the air and would drop more perpendicularly to earth, 
thereby causing a more nearly circular crater. 

The time that this great shower occurred can only be approxi- 
mately set. The area has been submerged by the ocean since the 
event and wave and current action have worn down the rims and 
in some cases filled in the entire crater level. Ordinarily they would 
be 25 or 50 feet in depth. The geologists conclude that the event 
occurred between the Pliocene and late Pleistocene ages. 
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Observations relating io meteors and meteorites are cordially invited. 


Two FIREBALLS IN MANITOBA 


Reports of two bright fireballs have come from Manitoba and 
observations of these objects would be appreciated. The first was 
a daylight meteor, observed at Foxwarren, Man., on Thursday 
morning, April 12. The second was observed in Winnipeg by 
Mr. M. P. Blair at 4.10 a.m. Sunday, April 15. It appeared in the 
east and burst with a very bright green light. 


OBSERVATIONS PLANNED FOR THE PERSEIDS, 1934 


The Perseid meteors, with a maximum on the night of August 
11-12, provide an excellent chance for the amateur astronomer to 
start meteor observing. They come at a time of year when the 
evenings are not too cold, observations may commence almost as 
soon as it is dark, and the shower is regular, an observer being sure 
to see enough meteors to keep him busy plotting, provided of course 
the weather is favourable. Co-operative observations are being 
planned all over Canada and those interested may secure instruc- 
tions and maps from the writer. Regular stations for visual and 
photographic observations will be established at the David Dunlap 
Observatory and at Brampton, Ont.; and observations made any- 
where in the southern part of Ontario will be of particular value as 
they will connect up with these stations. Any observers possessing 
cameras equipped with lenses of aperture ratio F 4.5 or faster 
should make successive exposures of one hour each with the shutter 
open and the camera held in a fixed position and pointed towards 
the northern part of the constellation Perseus. The best nights 
for observation are those of August 10-11, 11-12, 12-13. The 
absence of the moon from the sky at this time will greatly increase 
the numbers of meteors observed. 


PHOTOGRAPHIC OBSERVATIONS VERSUS VISUAL 

Discrepancies are sometimes noted between the visual and 
photographic observations of the same meteor, particularly in 
regard to the length of trail. That there should be no misunder- 
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standing concerning the relative reliability of the two types of 
record, it might be well to point out the chief differences between 
observations made in the two ways. The fastest camera is decidedly 
less sensitive to the light of a meteor than is the human eye. For 
this reason the eye will observe much fainter meteors than can be 
recorded by the camera, and in the case of the meteors that are 
photographed the image on the photographic plate will, almost 
without exception, be shorter than the path of the meteor as seen 
by the eye. This follows quite naturally from the well-known fact 
that the luminosity of the average meteor rises from zero to a 
maximum and then fades out again. The camera records only that 
part of the path which is bright enough to be photographed, while 
the unaided eye will normally observe a longer path. The differ- 
ence is one of degree only, since, if the meteor could be viewed 
with a telescope a longer path still would be observed. 

When using one photographic and one visual observation to 
determine the height of a meteor, it is important to remember to 
use a method of reduction which assumes only that both photo- 
graphic and visual images lie in the same straight line in the atmos- 
phere, but may be displaced with respect to each other along this 
line. 

The position and direction of the meteor’s path is recorded by 
the camera very much more accurately than can be done by the 
most skilful and experienced meteor observer. In addition to this, 
the camera unerringly records the brightest part of the meteor’s 
path—the part in which we are most interested when computing 
heights. Two visual observers often record different parts of the 
path of the same meteor, thus rendering the location of maximum 
luminosity almost impossible. From a consideration of the result- 
ing scientific information, there is no doubt that a good photograph 
of a meteor is worth, at the very least, several hundred visual plots. 
This is not said to discourage visual observations of meteors, for 
meteor photographs are few and far between and our knowledge of 
meteors would accumulate slowly, were we to rely solely upon 
photography. It is hoped, however, that where possible visual 
observations will be supplemented by photographic observations, 
and if this is done systematically, material of great value to 
meteoric astronomy will be accumulated. The writer is always 


> 
4 
j 
4 
4 
4 
4 


Meteor News 225 


glad to answer any questions concerning meteor photography 
and to assist those interested in any way that he can. 


OBSERVATIONS IN CO-OPERATION WITH THE ByRD EXPEDITION 


Part of the programme of the 1934 Byrd Antarctic Expedition 
consists in making both photographic and visual observations of 
meteors. In co-operation with this programme, world-wide 
observations of meteor rates have been planned on certain specified 
dates for the purpose of determining the variation of rate with 
latitude and other conditions. The observations consist in counting 
the number of meteors seen each half hour in a circular area of the 
sky 50 degrees in diameter. This area can be conveniently marked 
out by a circle of wire one meter in diameter at a distance of 107 cm. 
from the eye. Meteors appearing entirely inside this area, those 
crossing the boundary, and those seen entirely outside the area 
should be counted separately in three different groups. The eight 
periods of observation are 1.00 a.m. to 4.00 a.m. on May 15 and 16, 
June 11 and 12, July 8 and 9, August 5 and 6, 1934. Any observa- 
tions made during part or all of any of these times will be of great 
interest and if sent to the writer will be forwarded to the head- 
quarters for this programme. It must be remembered that the 
above periods do not coincide with any well-known showers but 
have been selected so as to determine rates for the average night. 
A recent radio message from the Byrd Expedition states that they 
have five reticles set up at Little America and expect to carry out 
the programme as planned. 


OBSERVATIONS OF THE 1933 GEMINIDS 


A group consisting of W. M. Gray, T. R. Jones, Mrs. P. M. 
Millman, K. O. Wright, and the writer observed the Geminid 
meteors at the David Dunlap Observatory on the night of Dec- 
ember 11-12, 1933. The observations were carried out in the same 
way as were those of the Leonids previously reported in these pages. 
Table I lists the actual number of meteors observed. The hourly 
rates are plotted in figure 1, these rates being reduced to a standard 
of six observers by use of the factors published in these notes for 
March. Each plot indicates the rate for the thirty minutes 
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The Geminid rate rose to a maximum at 


2.00 a.m. while the rate of the Non-Geminids steadily increased 


throughout the whole period of observation. 


All but 23 of the 


meteors recorded in Table I were plotted on the maps. The magni- 
tude distribution of 229 meteors is given in Table Il. The Geminids 


Non- Non- 
E.S.T. Geminids | Geminids £.3.f. Geminids | Geminids 
910-930 | 7 | 1 12.30-12.50 i 5 
9.30- 9.50 | 4 5 12.50- 1.10 12 7 
9.50-10.10 rf 3 1.10- 1.30 13 8 
10.10-10.30 Ss 4 1.30- 1.50 22 9 
10.30-10.50 5 6 1.50- 2.10 15 4 
10.50-11.10 11 4 2.10- 2.30 14 10 
11.10-11.30 13 5 2.30- 2.50 15 12 
11.30-11.50 11 4 2.50- 3.10 7 13 
11.50-12.10 4 5 3.10- 3.30 3 5 
12.10-12.30 12 3 — ae 
Totals 194 M3 
Total meteors observed........... 307 
Taste | I 
| Mean 
Mag. -§ t Si Totals | Mag. 
Geminids ..... 1 3 1 15 43 34 32 14 1 | 144 1.79 
Non-Geminids l 1 @ 15 1 85 2 
METEORS 
Lion PER HOUR 
60 
° a 
| 
CEMINIDS 
© NON-GEMIDIDS 
E.S.T. 10.00 11.00 1200 1.00 2.00 3.00 


F1GURE 1.—The Geminid Meteor Rates, 1933. 
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had a mean magnitude brighter than the Non-Geminids by 0.6 
magnitudes. This would indicate that the Geminids were, on the 
average, brighter than the Leonids in 1933 since the mean magnitude 
of the Leonids was 0.2 to 0.3 magnitudes brighter than the Non- 
Leonids. N,,’ N41 down to the second magnitude is not at all 
uniform for the Geminids and is about 2.1 for the Non-Geminids. 

December 13-14 was clear for a short time. T. R. Jones, in 
Toronto, plotted 14 Geminids and 2 Non-Geminids from 10.55 to 
12.05 and R. B. Laing, K. O. Wright and the writer at the Dunlap 
Observatory plotted 9 Geminids and 1 Non-Geminid, seen through 
haze between 12.45 and 1.25. In addition 12 meteors were seen in 
a ten-minute walk to the observatory so that apparently the 
Geminids were more numerous on the second date. As reported in 
January, three direct photographs of Geminids were obtained on 
December 11-12, with lenses of aperture ratio 1.25. 


FIREBALL OVER THE ATLANTIC 

Since the above notes were written news has been received from 
Dr. W. J. Fisher of the Harvard Observatory that an extremely 
bright green meteor, about twenty times the luminosity of Venus 
at her best, was observed by Dr. W. A. Calder at the Oak Ridge 
station of the Harvard Observatory on March 31, at 1.21 a.m. 
Reports from ships indicate that the meteor’s path lay over the 
Atlantic Ocean just south of Nova Scotia. This fireball was 
probably visible in the Maritimes and any reports from observers 
in Nova Scotia or New Brunswick will be of great interest. 


P. M. M. 
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NOTES AND QUERIES 


Communications are invited, especially from amateurs. The Editor 
will try to secure answers to queries. 


ASTRONOMY IN CENTRAL AsIA 

The central parts of Asia, to the present writer, have always 
been enshrouded in mystery and romance; and pictures of Turk- 
estan, Tibet and other remote places do not remove entirely this 
idea. But the perusal of recent publications from the Tashkent 
observatory indicates that the work there is pursued very much as 
in the western world, and it also brings out the fact that astronomy 
serves as a bond of union among practically all the peoples of the 
earth. 

Tashkent, the encyclopedia tells us, is in the Uzbek Soviet 
Republic in Asiatic Russia. It is in latitude 41° north and longitude 
69° east, in a loess oasis watered by irrigation from very early days. 
The town dates back to the seventh century. In 1865 it was 
captured by Russia and made the centre of administration for 
Russian Turkestan. The Russians built a new town to the north- 
east of old Tashkent which is now practically deserted. The 
population in 1926 was 312,811. Much fruit and produce is grown 
in the oasis. The town has factories and municipal utilities. It 
also possesses a good library, a museum and a teachers’ training 
college. 

The Uzbek Soviet Republic was organized in 1924, with 
Samarkand (population 101,365 in 1926) as capital. The town 
now appears modern, with wide streets, factories, distilleries, flax 
mills, a municipal power station, and a Moslem college, called 
Ulug-Beg; but it actually dates back to 329 B.C. Under the name 
Maracanda it was destroyed by Alexander the Great. The Tartar 
Timur (Tamerlane) made it his residence in 1369. It was here 
that Ulug-Beg, grandson of Tamerlane, about 1420 established his 
observatory and from it he produced his noted star catalogue which 
bears the date 1437. This enlightened astronomer was murdered 
by his son in 1449. 

In Circular No. 23 (Jan. 7, 1934) is a report of the operations 
of the Tashkent observatory for 1933. It shows that astronomical 
work of a wide variety is carried on. Two students of the Uni- 
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versity of Moscow were employed during the summer vacation as 
assistant observers. An electric motor was installed to drive round 
the dome of the astrographic equatorial, and the telescope was 
furnished with an electric dial (actuated by the Shortt clock) made 
in the workshop. The library was increased by about 700 period- 
icals, books and publications of astronomical institutions. The 
maximum cloudiness was in March and December, when only two 
nights were perfectly clear, but from June 2 to October 24 observa- 
tions were possible every night. The time service required the 
labours of four men and time was determined on 161 nights. The 
clock Shortt 39 performed excellently, Riefler 515 not so well. 
In addition numerous investigations were made on the planets, 
the sun, variable stars, binaries, comets, minor planets, meteors, 
and gravity. During the year there were 1540 visitors to the 
observatory and four lectures were given at different institutions. 
The director of the observatory is I. A. Teplov. 


POURING THE 200-INCH AND 86-INCH Discs 

The disc for the 200-inch mirror for the California Institute of 
Technology was poured at the Corning Glass Works on March 25, 
and was witnessed by a large number of invited guests and visitors. 
The operation was very similar to that followed in pouring the 
76-inch dise for the David Dunlap Observatory, which has been 
already described in a previous issue, but of course on a much 
larger scale. The furnace had two openings from which the glass 
was taken by three ladles and the beehive covering of the mould 
had three openings through which the ladles were passed and then 
inverted. Provision had to be made also for enlarging downwards 
the openings in the furnace as the molten glass was removed, thus 
permitting the ladles to be dipped into it. 

The programme began at 8 a.m. with a preliminary rehearsal 
of the method of action; and then, before a representative body of 
scientific men, of visitors from the city and also a battery of spot- 
lights and cameras, the long process of carrying 40 tons of molten 
glass from the furnace to the mould, pouring half of each ladle-full 
into it and dumping the other half into an iron wheelbarrow which 
conveyed it out of the way. 

As is well known, the lower portion of the discs which have been 
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made for the California Institute is honeycombed, or webbed, in 
order to reduce the weight. To produce this, cores or pylons made 
from the very light refractory material used in the mould, project 
upwards, being held in place by iron rods anchored in the bottem 
of the mould and running up the centre of the core. All seemed to 
go satisfactorily until about the middle of the afternoon when 
three of these cores broke away and floated to the surface. Probably 
the high temperature (1000° C.) had melted the iron. The cores 
were raked off and the pouring completed, and the disc is now 
in the annealing kiln. The fear that some of these cores might 
be broken off was expressed before the pouring began but it was 
hoped that, as it had not happened in any previous disc, it would 
not occur now. 

It is quite probable that this disc can be utilized if holes are 
bored into it where the cores should have remained; but the Corning 
Glass Works would not be satisfied with a disc having imperfections 
of any kind and so work was begun at once on a new mould, and 
provision will be made that the cores will not break away. 

Some years ago a large reflector was proposed for the University 
of Michigan, but the financial depression caused the project to be 
postponed indefinitely. However as a unique opportunity to 
secure a suitable disc of special Pyrex glass now presented itself, 
since an abundance of this glass was available, Prof. Heber D. 
Curtis, was given permission to have the disc ordered. It was 
poured on April 3. Its diameter is 861% inches and its thickness 
1634 inches and when completed the mirror will weigh 31% tons. 
It was poured in four hours and the annealing will require three 
months. 


TEN SUNDAYS IN FEBRUARY 

Each month Mr. E. G. Hogg, M.A., of Christchurch, N.Z., 
a member of the New Zealand Astronomical Society, contributes 
Astronomical Notes to The Press, and the present writer has often 


quoted from them. The following is from the Notes for February, 
1934. 


“The Jacob Ruppert is making full-speed on a south-easterly course. . . . 
The days are growing perceptibly longer and colder, and it will be Thursday all 
day to-morrow as well as to-day."’ This extract from a cablegram in the issue of 
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The Press for December 16 last brings to mind one of the happiest of the astronom- 
ical conundrums of the late Professor Young, of Princeton University: What 
is the greatest possible number of Sundays in February? The answer is 10. 

This somewhat surprising result cannot be attained in any year, but only 
in a leap-year, such as 1920, when the first of February falls on a Sunday; the 
month will then contain five Sundays. Now, as all travellers from New Zealand 
to America are aware, when their vessel crosses the meridian of 180 degrees from 
west to east, the week-day on which the crossing is made is repeated, while on the 
return journey a day is dropped out of the week. Let us consider now the case 
of a trading vessel making weekly trips from a port in Siberia to one in Alaska; 
it leaves on Sunday, February 1, in a leap-year, and crosses the meridian of 
180 degrees the same day; the following day will consequently be a Sunday, and 
the crew will therefore enjoy two Sundays that trip. The same will happen in 
each of the four other voyages made that month, and so the full tally of 10 
Sundays in that particular month will be made up. 

With regard to the occurrence of five Sundays in February it may be re- 
marked that, if the Julian calendar were still in use, this event would recur at 
regular intervals of 28 years, but as, under the Gregorian calendar, centesimal 
years, such as 1900, which are not divisible by 400, are not leap-years, the sequence 
of 28 years is interrupted at regular intervals by periods of 40 years. The recent 
years in which February has had five Sundays are 1824, 1852, 1880, and 1920; 
it will happen in 1948 and 1976, and, as 2000 A.D. is a leap-year, in 2004. As 
2100 A.D. is not a leap-year, there will be a gap of 10 years in the sequence here, 
viz., 2088 to 2128, when the 28-year period will begin again. 


LUNAR HALO OBSERVED AT POINTE CLAIRE, P.Q., APRIL 22, 1934 


Mr. W. H. Rawlings sends a sketch of a lunar halo observed by 
him, and also the details given below. The drawing includes the 
primary halo and the horizontal ring through the moon. 

First observation, 8.30 p.m. 

Last observation, 9.30 p.m., at which time the intersecting ring 
was noted, also the following facts. 

Ring appeared to be about 16 lunar diameters from the moon, 
and diameter of ring would about fit 4 times from horizon to 
horizon, thus making it about 45 degrees diameter. 

Width of ring from 1% to 2 lunar diameters, seemingly shaded 
to red on the inside. 


Weather misty, temperature and pressure not taken. 

Appearance of moon, the ‘‘wet weather’ moon. 

Intersecting ring about double the diameter of the last ring. 

Point of observation, near Cedar Park Station, C.P.R., in 
Pointe Claire, P.Q. 
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NoctTiLUCENT CLOUDS 
The appearance of several displays of the rare noctilucent or 
luminous night clouds in 1932 and 1933 suggests the possibility of 
observing and photographing these clouds in Canada during the 
coming summer. They have been seen in the northern hemisphere 
only in the summer season and between latitudes 45° and 62°. 
In the southern hemisphere the only observations are those made 
at the southern tip of South America in the southern summer. 
Little is known of their origin and nature except that they appear 
to be confined to a thin stratum at a height of about 80 km. 
Nectilucent clouds are rendered visible by sunlight reflected 
from their lower surface when the sun lies from 10° to 18° below 
the horizon. They resemble cirrus or cirro-stratus clouds but may 
easily be mistaken for aurora or cirrus clouds illuminated by moon- 
light. They often appear as parallel silvery streaks low in the 
northern sky, their upper edge tinted orange or yellow. Although 
noctilucent clouds have been seen frequently in the late evening, 
observations indicate they are slightly brighter in the early morning. 
Observations are particularly desired in Canada, especially 
when accompanied by photographs. A time exposure of about 
four minutes with a lens at F 6.3 is required. If some prominent 
object, clear cut against the skyline, be included in the photograph, 
it may be possible to compute very approximately the height of 
the clouds. The time of taking all pictures should be noted to the 
nearest minute. In order to verify the classification of the clouds 
as noctilucent the observer should report every detail such as shape, 
colour, azimuth and altitude, direction and speed of motion if any. 
Any notes regarding noctilucent clouds will be gratefully 
received by the Director of the Meteorological Service of Canada, 
Toronto, Ont. 
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MEETINGS OF THE SOCIETY 


AT VANCOUVER 


February 13, 1934.—The meeting was held at the usual place and time. 
The president, Dr. William Ure, presided. 

The president announced the formal transfer of Walter H. Gage from the 
Victoria to the Vancouver Centre. On the motion of Mr. Teasdale, seconded 
by Mr. Sykes, the president was empowered to buy slides from Toronto to assist 
in describing the skies for the various months. 

Dr. Ure then presented Dr. F. S. Hogg of the Dominion Astrophysical Ob- 
servatory, who gave a complete and irteresting address on ‘ Meteors’’. 

‘Meteors’, said the speaker ‘‘are visitors from space—our only visitors’’. 
Ordinarily we use the term meteors to cover all these visitors. If they are very 
bright they are called ‘‘fireballs’’. When they come through the atmosphere 
and reach the surface of the earth, they are termed “ meteorites”’. 

The speaker divided his discourse into three general sectiors: (1) Astro- 
nomical—observations of meteors in ¢he sky; (2) Physical—experimen‘s con- 
ducted on a fallen meteorite; and (3) Geological—effects produced by meteorites 
when they strike the earth. 

In dealing with the first subdivision the speaker stated that on the average 
a single person would, during one hour, see from four to eight meteors. Their 
great speed indicated that when they are seen they are close objects, and measure- 
ments show that they start to glow in general somewhere between 50 and 80 
miles of the earth’s surface, although fireballs are seen at about 25 miles. It 
has been estimated that at least 2,000,000 meteors strike the earth in one day, 
although telescopic observations indicate that this estimate may be too low. 
During a meteor shower, such as that of the Leonids in 1833, a single observer 
might see as many as 200,000 ir one evening. The speaker showed by means of 
lantern slides, that during such a shower, if the apparent paths of meteors be 
projected back, they all seem to come from a point, called the meteor radiant. 
The meteor showers derive their names from the constellation in which the 
radiant is situated. Dr. Hogg gave the explanation of these periodic occurrences 
on the basis of the meteors in their path about the sun intersecting the path of 
the earth in its orbit. 

In dealing with the physical aspect of meteors, the lecturer stated that the 
investigator had comparatively little material to work with. A large number 
of meteors are extremely small and of insignificant mass. There are one or two 
large specimens, one in particular, found in South Africa, being 10 feet across, 
5 feet through. This particular sample is about 83% iron and 17% nickel, the 
composition being characteristic of “iron’’ meteorites. ‘‘Rock’’ meteorites, 
which are harder to find, have all the characteristics of earth rocks. The radio- 
active investigations on these meteorites prove them to be not more than 3,000,- 
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000,000 years old; that is, these visitors, some of which come from interstellar 
space, are no older than our own earth. The speaker stated that this evidence 
coincided very well with the age as required by the theory of an expanding 
universe. 

In discussing the geological aspects, the speaker described the effects of the 
Siberian Meteorite, the Arizona Crater and the Carolina Bays. He stressed the 
importance of aerial surveys in determining the frequency of meteorites striking 
the earth and the probable effects. 

On behalf of members of the Physics Club of the University of Pritish 
Columbia, Mr. George Volkoff extended his thanks to the speaker and to the 
Society. 


March 13, 1934.—The regular meeting was held in the University of British 
Columbia at 8.15 p.m. During the first part of the meeting Dr. Ure presided: 
in the second part, the meeting was held under the chairmanship of Dr. Shrum. 

The Treasurer announced that about twenty members had paid their sub- 
scriptions and reminded the members that fees should now be paid. 

Dr. Ure extended a welcome to members of the Chemistry Society of the 
University of British Columbia. 

It was moved by Mr. Hawkins, seconded by Dr. Shrum, that a dinner be 
held on the evening of the next meeting. The motion was carried; the arrange- 
ments were left in charge of the executive. The plans for the final meeting were 
submitted by President Ure. 

The members present were informed of a proposed trip to Victoria, probably 
in May, to visit the Observatories. 

Dr. Ure then called upon Mr. Hawkins, who gave a clear outline of the 
positions of stars and planets for the present month. Dr. Shrum presented the 
thanks of the meeting to Mr. Hawkins for his interesting exposition and for his 
preparation of a permanent map. 

The principal address was given by Dr. Ure on the subject “Chemistry in 
Astronomy’’. Chemistry, the speaker stated, deals with matter and studies the 
composition and changes of material substances. The chemist takes matter 
apart and puts it together again, sometimes in a form better for our purposes than 
in its original state. The material available for laboratory use, compared with 
the total amount in the universe, is very limited, but the chemist is able to study 
properties of matter other than by laboratory samples. 

The tendency of human intelligence to ask for simple explanations of phenom- 
ena led to a search for simple substances out of which all matter is composed. 
The speaker traced the history of the search and illustrated his remarks by 
lantern slides. He showed the growth of the atomic theory from the time of 
the Greeks, with the conception of the four elements of fire, water, air and earth, 
to the present time. In the course of his description he summarized the work 
of the early alchemists and of Priestly, Cavendish, Lavoisier, Sir Humphry Davy, 
Mendeleff, Bunsen and others. Dr. Ure described the Mendeleff Periodic Table 
in detail and pointed out how the elements were arranged in order of increasing 
atomic weight and also in groups with similar characteristics. He pointed out 
that of the ninety-two elements only a few existed in large quantities. 
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The speaker then discussed the atomic theory, the size, motion and arrange- 
ments of molecules and atoms, and the patterns and crystalline state of solids. 
He dealt with the work of Madame Curie, Rutherford, Bohr, Sommerfeld, and 
J. J. Thomson in connection with disintegration of atoms. 

In dealing with the applications of chemistry to astronomy, the speaker 
introduced his audience to the fundamentals of spectrum analysis, and the 
nature of a spectrum. He summarized the information that the light of a star 
gives to us, its position, distance, temperature, pressure, motion, size, composition. 
He stated that in the sun’s atmosphere sixty-six of the elements of the earth 
were present. In conclusion Dr. Ure presented a most interesting account of the 
modern conception of matter and energy and the problems which are now occupy- 
ing the attention of the chemist. 

Dr. Shrum expressed the appreciation of the audience for the fine address, 
and Mr J. Norton Wilson spoke on behalf of the Chemistry Society. After the 
meeting was adjourned, Dr. Ure exhibited samples of elements and conducted 
several experiments on spectra. 

WALTER H. GaGe, Secretary. 


AT VICTORIA 


January 26, 1934.—The meeting took the form of a conversazione at which 
there were 68 members and guests present. Mr. H. Boyd Brydon, the president, 
after extending a cordial welcome to those in attendance, briefly alluded to the 
subject-matter of the remaining meetings, and incidentally drew attention to 
the fact that, in addition to the customary lectures, a section for the construction 
of astronomical telescopes had been formed under the direction of Mr. W. R. 
Hobday, and stated that a computing section was in course of formation which 
would be under the leadership of Dr. J. A. Pearce. The usual summer course 
of lectures and observational evenings are also being arranged. Keen interest is 
being evinced in the activities of the Centre this spring and it is a foregone 
conclusion that quite a number of the members will identify themselves with 
some or all of the special sections which are being inaugurated for the first time 
this year. 

Speaking generally for the benefit of those present who were not well- 
informed on the subject of astronomy, the president pointed out that, whether 
we realize it or not, astronomy is sometimes of vital, and always of great, im- 
portance to everyone. Safe passage by sail, rail or plane depends on astronomy. 
Moreover it is by astronomical observations that the boundaries of countries, 
states and provinces are determined. With the view of dispelling the fear held 
by some that the study of astronomy is “too deep’’ a subject for them to study, 
the president assured his audience that astronomical doctrine is far easier to 
grasp than the continually modified multitudinous conventions of contract 
bridge, and emphasized the fact that when one had mastered astronomical 
doctrine they possessed an abiding interest, a fascinating cultural study and a 
real hobby. ‘‘If’’, said the president, ‘‘the stupendousness of astronomical 
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figures daze you and make you timid of astronomy, let me ask if you can grasp 
the possible number of different bridge hands? It is a rather interesting figure 
—about 13,800,000,000. Yet you play bridge! Expressed in seconds it amounts 
to some 355 years, taking us back to the time of Good Queen Bess. Expressed 
in miles, it is 140 times the distance from the earth to the sun’. To the oft- 
repeated question “What is the use of astronomy?” the president pointed out 
that we might just as well ask, What is the use of truth, of beauty, of culture? 
Not of any single fact do we understand its full significance; perhaps of astro- 
nomical facts less than most. But the value of research in pure science to the 
human race is beyond argument. In his concluding remarks the president drew 
attention to the fact that astronomy had lifted us from living like beasts; raised 
us from primitive polytheism and freed us from the shackles of superstition and 
from terror at the occurrence of some predictable natural phenomenon. 

There was a decided interest evinced by those present in the various demon- 
strations which had been arranged for their pleasure and edification. The 
methods adopted in the analysis of light were demonstrated by Mr. G. Brown- 
Cave, who showed the spectra of various gases such as hydrogen, helium, neon 
and argon. How the spectra of stars are secured by means of the spectroscope 
was ably demonstrated by Mr. W. E. Harper, assistant director of the local 
Dominion Astrophysical Observatory. These spectra, he explained, tell us three 
things: (1) the elements of which the stars are composed; (2) how the velocities 
of stars are measured by the shift or displacement of the lines from their normal 
position, and (3) the real brightness of stars as judged by the intensities of certain 
tell-tale lines of the spectra. For the purposes of demonstration Mr. Harper 
had a micrometer. The sensitiveness of this instrument was such that displace- 
ments of as little as one-ten-thousancth part of an inch could be measured. A 
number of enlarged spectra were exhibited by means of photographs which were 
passed around. A most interesting exhibit loaned for the occasion by Mr. F. 
Napier Denison, superintendent of the Local Dominion Meteorological Observa- 
tory, included a sunshine recorder, a new type of anemovane (which is a com- 
bination of wind and direction gauge); an orrery showing the solar system; a rain 
gauge; various types of thermometers used at the local observatory; an inflated 
balloon used for exploring the upper currents of air, and some most interesting 
cloud photographs. This exhibit was in charge of Messrs. W. Burton, W. F. 
Humble and W. F. Holdridge, all members of the local Meteorological Observa- 
tory staff. 

The musical part of the evening’s programme, which had been arranged by 
Dr. Helen S. Hogg, gave unalloyed pleasure to all present. The contributing 
artistes were Mrs. C. S. Beals, pianist; Miss Kathleen Bancroft and Miss Mary 
Sinnott, violinists; Miss Phyllis Deaville, soprano, and Mrs. C. Hole (Miss 
Deaville’s accompanist). 

The occasion was pleasantly protracted by the serving of refreshments, 
Dr. Hogg being in charge of the same and very ably assisted by a committee of 
ladies. 


February 16, 1934.—Dr. G. M. Shrum, of the Department of Physics, 
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University of British Columbia, was the lecturer at the meeting, taking for his 
subject “Light and Colour’. In a popular manner he dealt with the nature of 
light, discussing both the corpuscular and wave theories. Not only did he point 
out the inadequacy of the corpuscular theory to explain the speed of light, inter- 
ference and diffraction, but he also referred to the difficulties attaching to the wave 
theory as demonstrated by numerous experiments. These phases of the subject 
—interference, diffraction and polarization of light—were discussed at some 
length. 

In discussing colour Dr. Shrum dealt with its physical, physiological and 
psychological aspects and demonstrated how unreliable the human eye was in 
the matter of colour. This was very clearly demonstrated by the mixing of 
colour pigments and contrasting the same with coloured lights. There are about 
2,000,000 colours which can be detected by the human eye. 

Some interesting experiments were performed and some excellent slides 
were exhibited on the screen. Amongst these latter should be particularly 
mentioned the beautiful spectra slides loaned for the occasion by Dr. Gilchrist 
of Toronto. There were eighty members and friends in attendance. 


March 9, 1934.—At this meeting the first of a series of three lectures on 
the solar system was given. The speakers for the occasion were Dr. F. S. Hogg, 
of the local Dominion Astrophysical Observatory, and Mr. Gordon Shaw, and 
the subject the Sun. 

In his opening remarks Mr. Shaw stated that it was not his intention to 
deal in technicalities but rather in generalities. After a brief reference to the 
importance of the sun as a member of our solar system and also as the prime 
factor in the maintenance of life on our planet, Mr. Shaw dealt with its size in 
comparison with that of the earth. By way of illustration he referred to an 
imaginary sphere, sixty-six feet in diameter, placed at the intersection of Fort 
and Douglas streets as representing the sun and a ball, seven inches in diameter 
and placed 1} miles distant, as representing the earth. After dealing at some 
length with the photosphere and drawing attention to the magnitude of some 
of its vortices Mr. Shaw went on to describe the chromosphere from which 
arise those remarkable prominences (usually crimson in colour and fantastic in 
shape) such as the ‘“‘Heliosaurus’’. These prominences, it was pointed out, are 
largely composed of hydrogen gas and calcium vapour. Some of them show little 
change ip the course of a week whilst others show rapid motion at times. Dealing 
with the sun’s corona Mr. Shaw drew attention to the fact that there was some- 
thing remarkable about its shape which changed with the number of spots on 
the surface of the sun. When such spots are numerous the streamers of the 
corona appear to strike out in all directions. On the other hand, when such 
spots were fewer in number, great streamers or wings originate from near the 
sun’s equator and only small ores from its polar regions. These equatorial wings, 
stated the speaker, sometimes extend for millions of miles. Details of the com- 
position of the sun, as defined by means of the spectroscope, were given and 
numerous interesting slides were displayed on the screen illustrating the various 
phases of the subject dealt with by the speaker. Having regard to the fact that 
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the sun is the source of light and heat and the origin of all energy as we know it, 
the speaker stated that it was not perhaps surprising that the sun had, in the 
past, been deified by the ancients. 

Dr. F. S. Hogg cealt with the more technical part of the subject. He pointed 
out that there were three chief solar phenomena that originate from the sun's 
surface, i.e., radiation, the gravitational field and the electrical or magnetic field. 
After a brief reference to the two latter Dr. Hogg confined his remarks principally 
to radiation. With numerous charts displayed on the screen he showed the 
correlation of sun spots with radio reception, with life on earth (both animal 
and vegetable) and also with atmospheric conditions affecting our planet. These 
various physical conditions were very carefully and lucidly elaborated upon 
and discussed at some length by the speaker who, by way of confirmation of the 
theories propounded, cited as instances the variation in vegetable growth, in 
the thickness of clay beds, in the scarcity or otherwise of rabits and in the bright- 
ness of comets. There were approximately 50 present. 


March 23, 1934.—At the regular meeting on this date two very interesting 
addresses were delivered, the one by Mr. James Duff, M.A., on the motion of the 
planets, and the other by Mr. Charles Hartley, M.A., on the physical constitution 
of the planets. 

Starting with the sun as the central body in our solar system, Mr. Duff dealt 
at some length with the three laws of planetary motion discovered by Kepler, 
demonstrating how all the planets revolved round the sun in the same direction; 
how all their orbits were elliptical, and, what was still more remarkable, how 
they all were nearly in the same plane. The speaker pointed out that whilst 
it was true all the planets moved in ellipses, Kepler did not assign any reason 
for their so doing; nor did he furnish any reason why the planets should traverse 
equal areas in equal times or why his third law, viz:—‘The squares of the periodic 
times are proportional to the cubes of the mean distances” was invariably obeyed. 
As a matter of fact it was pointed out by the speaker that these three laws were 
treated by their discoverer, Kepler, as three independent and separate truths. 
It was left to Newton to make the grand discovery which bound these three laws 
together into one beautiful doctrine—the law of gravitation. Mr. Duff con- 
vincingly showed how by this law the movements of all the planets and their 
satellites, as well as those of the comets and the nebulae, could be fully and 
satisfactorily accounted for. Mr. Duff then went on to deal with each of the 
planets individually and also with their satellites, some of which, it was pointed 
out, moved in the reverse direction to their parent bodies. He also reminded his 
audience that had watches been invented in the southern instead of in the northern 
hemisphere the figures on the dials would have been placed in exactly the reverse 
position as we have them to-day. The same remark would also be applicable 
to the study of the earth's movements under similar conditions and circumstances. 

In dealing with the physical constitution of the planets, Mr. Hartley first 
of all drew attention to their relative sizes and distances. Taking the sun as 
representing a globe two feet in diameter he compared the comparative sizes 
of the various planets to such well-known articles as peas, orange, cherry, radish 
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seed and grains of sand. Dealing with the density of the various planets Mr. 
Hartley stated that the inner planets, being smaller, would naturally lose their 
heat more rapidly and consequently cooled more quickly to solidity, whilst the 
outer planets, being the larger, have retained more of their heat and are still less 
dense. If, stated the speaker, the origin of the solar system is due to a collision, 
then it is likely the lighter substances of which the planets are composed, such as 
hydrogen, would be driven farthest outward whilst the heavier substances, such 
as iron, would gravitate toward the centre. Dealing with the planets individually 
Mr. Hartley furnished data relative to their respective mean distances, mass, 
rotation, atmospheric conditions (or lack of same), colour and reflective capabil- 
ities. In his reference to the planet Mars he reminded his audience that owing 
to its surface conditions it was the only planet upon which life, as we know it, 
could be sustained. He also stated that the orbit of Mars was one of remarkable 
proportions and that it was by his observations of this particular orbit that 
Kepler was led to discover his celebrated laws of planetary motion. Mr. Hartley 
in dealing with the satellites of Mars quoted from ‘“‘Gulliver’s Travels’’ wherein 
it is recorded that the astronomers ‘“‘have likewise discovered two lesser stars or 
satellites which revolve about Mars whereof the innermost revolves in the space 
of ten hours and the latter in twenty-one anda half hours’. This was remarkable, 
said the speaker, since their actual rotations are seven hours and thirty-nine 
minutes and thirty hours and eighteen minutes respectively. 

Referring to the asteroids, Mr. Hartley suggested that they were probably 
the result of an explosion of a planet or were originally rings of meteorites round 
the sun which had been drawn into their present orbit by the planet Jupiter. 
Regarding the solar system as a whole Mr. Hartley made brief reference to the 
nebular theory, and concluded by stating that W. H. Pickering has expressed 
the opinion that there are two small planets yet to be discovered. Both speakers 
in the course of their addresses made fitting reference to the great achievements 
of Sir William Herschel. Horace E. Moore, Secretary. 


AT WINNIPEG 


October 25, 1933.—The annual social evening was held in University Arts 
Building, and presided over by President A. W. Megget. 
The following were elected members of the Society: 
Mr. J. R. Williams, 497 Oxford St., Winnipeg 
Mr. Arthur Beech, 602 Rathgar Ave., Winnipeg 
Under the management of Mr. D. R. P. Coats, the members heard some 
records by the late Dr. Hall Turner, on ‘The Stars of Winter’. The youngest 
member, Liston MclI hagga, gave a pleasing reading and Mr. C. E. Bastin, 
charter member, gave a brief sketch of the society's history, the year of the visi- 
tation of Halley’s Comet. Mrs. E. L. Taylor also referred to this phenomenon, 
observed during a visit in California, that same year, 1910. Mr. Norris-Elye 
spoke on the accepted and changing views concerning the atmospheric conditions 
on Mars. 
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A pleasing item of the programme was the presentation by Mr. Coats, of 
an address, signed by the members, to President Megget. This was an apprecia- 
tive recognition of Mr. Megget’s attainment this year of two ambitions, the 
presidency in the Royal Astronomical Society, and the completion of half a 
century as an active cricketer in Manitoba. 

After the programme refreshments were served by the ladies, under the 
convenorship of Mrs. J. H. Kolb. In the absence of Mrs. A. W. Megget, her 
daughter, Mrs. Allan, and Mrs. D. R. P. Coats presided at the tea-table. The 
social half hour brought a very interesting evening to a close. 


November 8, 1033.—The November meeting was held on this date in 
Theatre F, University Building. Mr. Megget presided. Dealing with a letter 
from Professor Chant, relating to the disposal of the books in the library at 
Toronto, it was moved by Mr. C. E. Bastin and seconded by Mrs. E. L. 
Taylor, that if possible the technical books be sent to the Dunlap Observatory, 
and the popular ones left in Toronto, to be available for the use of interested 
readers. 

The first speaker of the evening was Mr. D. R. P. Coats, and his subject, 
“Astronomy, What’s the Use?”’ Mr. Coats spoke of the insatiable curiosity of 
the human mind, which same curiosity gains us all the knowledge we possess. 
No study repays the endeavour and time spent with so much interest, as that of 
astronomy, moon, planets, comets, stars and systems. We are so overwhelmed 
by the magnitude and grandeur of it all that we are forced to exclaim ‘‘\\ hy are 
we? What are we?” In ancient Babylonia, the star-gazer was an astrologer, 
because of which he was the friend of statesmen and kings. And the astrology 
of that day has persisted down through the ages and even in this supposed-to-be 
enlightened scientific age has not been entirely eradicated. 

No doubt there was much criticism and little sympathy directed towards 
the great ones of history, when first they introduced their views, but bravely 
they went on conquering and to conquer the difficulties and trials of their labours. 
To-day we revere the names of the great leaders in philosophy, art and science- 
in astronomy, those of Copernicus, Galileo, Newton, and many more. 

Mr. Coats used slides to illustrate pairs of beautiful coloured double stars, 
the ring nebula in Lyra, and the white spot in Saturn, 20,000 X 12,000 miles in 
dimensions, and discovered by an amateur. So amateurs need not despair as 
there is still work to be done and many discoveries to be made, by any and all 
who are interested in the study of the heavens. 

Mr. F. Pugh then gave an address on “Sunburn”. Much study has been 
given to the permeation of the ultra-violet rays—said to be the cause of sun- 
burn—through all kinds and colours of textiles,—cotton, linen, silk, woollens, 
and mixtures. Practical experiments have been made by bathers and rowers, 
volunteering themselves for this purpose in different countries. Also, artificial 
light has been used in experiments, as: the quartz mercury vapour lamp. The 
darker the goods, there is the less absorption of the rays. Goods yellow with 
age, decrease the transmission also. Close dark colours, exclude the rays, the 
open weave being the great factor in their transmission. 


Meetings of the Society 241 


As to the benefits to be derived from the use of the ultra-violet rays, the 
speaker advised great caution, as, while beneficial results are obtained where 
discretion is exercised much harm may result with excessive use. 

Many plates were shown to illustrate how the rays permeate the different 
fabrics and colours. 


December 13, 1933.—The meeting was held at the usual time and place, Mr. 
A. W. Megget presiding. 
The following were elected members: 
Mr. Harold Orloff, 328 Boyd Ave., Winnipeg 
Mr. A. R. McCauley, 1178 Grain Exchange, Winnipeg 
Mr. R. A. Maclaren, Selkirk, Manitoba 
Miss Helen Hossack, 747 Fleet Ave., Winnipeg 
The speaker for the evening was Mr. A. W. Megget and his subject was 
“Sights Worth Seeing’. Mr. Megget carried his audience to ‘Other Worlds 
than Ours’, stopping at many stations on the way, the planets: to Alpha Centauri, 
61 Cygni, Sirius, Acturus, Procyon and its companion; and on to many stellar 
clusters and nebulae. Returning again to our own solar system, the speaker 
dwelt particularly on the motions of Venus and Saturn, and closed his address 
by quoting the words of the inspired Psalmist in the Psalm VIII, “When I con- 
sider Thy heavens, the work of Thy fingers, the moon and the stars which Thou 
hast ordained, what is man that Thou art mindful of him, or the son of man 
that Thou visitest him? For Thou hast made him a little lower than the angels! 
Thou hast crowned him with glory and honour.” 
The lecture was well illustrated with slides. 


December 13, 1933.—The annual meeting of the Winnipeg Centre was held 
after the regular meeting, with Mr. Megget, as chairman. 

The minutes of the former Annual Meeting were read and approved. The 
report of the Secretary for the year 1933, was read and approved. The report 
of the Treasurer was read and accepted as audited. 

Deep appreciation was expressed by Mr. D. R. P. Coats and Mr. Norris-Elye 
of the very efficient work done by Mrs. Norris in the past years, and also on 
that of Mr. J. H. Kolb, our treasurer. 

The election of officers followed, before which Mr. J. Houston spoke very 
highly of the work of the retiring president, Mr. A. W. Megget. 

Mr. D. R. P. Coats was elected president for 1934. First Vice-President 
elected was Mr. L. T. S. Norris-Elye; Second Vice-President elected was Mr. 
James Houston. Mrs. J. Norris was re-elected Corresponding Secretary. Mrs. 
J. C. Howey was re-elected Recording Secretary. Mr. J. H. Kolb was re-elected 
Treasurer. 

The Council members elected were as follows: Mr. A. W. Megget, Mr. L. T. 
S. Norris-Elye, Mr. A. R. McCauley, Mr. C. E. Bastin, Mr. A. V. Pigott, Mr. 
F. Pugh, Dr. N. J. Maclean, Mrs. E. L. Taylor and Dr. L. A. H. Warren. 

Dr. J. S. Plaskett, F.R.S., is Honorary President of Winnipeg Centre. 


J. C. Howey, Recorder. 
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AT TORONTO 


December 5, 1933.--The regular meeting, beirg also the annual business 
meetirg, was held at 8.00 p.m., in the McLennan Laboratory of the University of 
Toronto; Mr. R. A. Gray in the chair. 

Rev. Antonio Rousseau, Collége de Saint-Jean, Saint-Jean, P.Q., was elected 
a member. 

Recent observatior of a brilliant meteor was reported by Mr. T. H. Mason. 
Owing to the absence of the recorder, Mr. F. L. Troyer was requested by the 
chairman temporarily to act in that capacity. 

Mr. K. O. Wright, of the Department of Astronomy of the University of 
Toronto then proceeded with his paper, ‘‘ Theories of the Universe, Ancient and 
Modern,” outlining typical theories of cosmogony and cosmology. Cosmogony he 
defined as unscientific speculations on the origin and system of the universe, in 
contrast to cosmology, which pertains to a modern conception of the universe, 
and the attempt to outline a plausible theory of its origin and evolution based 
on scientific information. 

The similarity of details in the legends of creation amongst various early 
peoples was mentioned, particularly, that all the ancients were unanimous in 
thinking that the creation was an instantaneous act of some power or force. 
Beginning with the earliest ideas of the universe,—a flat earth, supported upon 
gigantic elephants or tortoises, ur on pillars, and floating in a boundless ocean, 
covered with a hemispherical dome of glass or metal to which the stars were 
attached, Mr. Wright mentioned some of the forms of the universe as conceived 
by early peoples. 

As seven was the magic number of the Chaldeans, their astronomer-priests 
evolved a theory of creation in seven days, and a system in which the seven 
“planets,” the sun, moon, Mercury, Venus, Mars, Jupiter and Saturn, repre- 
sented the seven major deities. The Egyptian concept was very similar; the 
sun being the major deity, and the planets the abodes of other gods who were 
immediately concerned with the affairs of mankind,—from which conception 
the pseudo-science astrology was derived. 

This idea of a flat earth at the centre of the cosmos remained for centuries, 
and until the time of the Greek philosopher Pythagoras, no further advances 
were made in the field of cosmogony. Pythagoras considered that the earth 
and the heavenly bodies were spheres, and that the planets had a revolution of 
their own opposite to that of the fixed stars around the earth. Evdoxus added a 
system of concentric circular orbits to explain the abnormalities in the motions 
of the sun, moon and planets; and Aristotle later increased the number of these 
concentric spheres to fifty-five. 

Later Aristarchus of Samos proclaimed a heliocentric theory; which further 
provided that the fixed stars were at an infinite distance; but the heliocentric 
idea was too advanced for a conservative and unimaginative world, and the earth- 
centre system with concentric circles remained in favour, further complicated 
by Ptolemy with the addition of an intricate system of epicycles. By this time 
the theory was getting rather involved, but it had the sanction of the church, 
and no one dared to dispute that authority. 
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Thus it remained unaltered until the time of Copernicus who again advanced 
a heliocentric theory with circular orbits for the planets and still a multitude of 
epicycles. Popular doubts remained, for if the earth rotated would not the 
clouds always come from the east; and would not persons and objects be cata- 
pulted from the globe by the force of its motion? Tycho Brahe again restored 
the geocentric idea, modified this time in that while the sun revolved around the 
earth, the planets revolved around the sun instead of the earth as formerly. 
Then Tycho’s assistant and pupil, Johann Kepler, making use of his master’s 
innumerable observations produced a plan which for the first time substituted 
elliptical orbits for the planets instead of circular ones; a heliocentric universe 
based on Copernicus. This did away with all need for epicycles, but it still 
remained for Sir Isaac Newton to evolve the law of universal gravitation which 
finally showed why Kepler's laws held, and explained how the planets were able 
to remain suspended in space without material supports. 

Mr. Wright then briefly reviewed the contributions of later astronomers, 
now truly cosmologists rather than cosmogonists. Halley’s work on comets, 
solar parallax and proper motions of the stars; Thomas Wright and Lambert's 
theories of a grindstone-shaped galaxy, of which the stars of the Milky Way 
were the main corstituents; Kant’s nebular theory, later perfected by Lal’lace; 
Herschel’s discovery of Uranus, determination of a proper motion in the sun 
and classification of nebulae: the meteoritic hypothesis of Sir Norman Lockyer 
and his grouping of stellar spectra; and Chamberlin and Moulton’s planetesimal 
theory, were all briefly reviewed. 

Finally the universe of to-day, as it is viewed by modern world-builders 
such as Einstein, De Sitter, Eddington, Lemaitre and Shapley was discussed,—a 
universe in which the outer parts are rushing away from each other at the 
explosive speed of 15,000 miles per second, while the supergalaxies themselves 
appear to be stagnant, and other parts of the cosmos are even contracting and 
collapsing; an Einstein state in which expansion and contraction balance. In 
our part of the universe gravitation holds sway, while in the less dense portions 
a mysterious opposing cosmic force, that of universal repulsion is acting. 

Mr. H. G. Duncalfe then illustrated by means of a diagram on the black- 
board, that owing to the earth's orbital motion and its great distance from the 
sun, the moon’s orbit is always concave relative to the sun. 

The nominating committee, appointed at the previous meeting, then brought 
in its report which was approved, and the following elected as officers of the 
Toronto Cerftre of the Society for 1934: 

Honorary President—Sir Frederic Stupart 

Chairman—R. A. Gray, B.A. 

Vice-Chairman—A. R. Hassard, B.C.L., K.C. 

Secretary—E. J. A. Kennedy; Treasurer —J. E. Maybee 

Curator—R. S. Duncan; Assistant-Curator—F . L. Troyer 

Observation Committee—Dr. C. A. Chant, J. R. Collins, A. R. Hassard, K.C., 
Dr. P. M. Millman, G. H. Mallory. 

Membership Committee—Dr. R. K. Young, J. H. Horning, M.A., Rev. C. H. 
Shortt, M.A. 
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Programme Committee—R. A. Gray, J. R. Collins, P. M. Millman, L. Gil- 
christ, S. Beatty, E. J. A. Kennedy. 
Mr. Hepburn declined to be reelected as Recorder, and that position was 
left open, to be filled by appointment by the committee. 
L. TROYER, 
Acting Recorder. 


January 30, 1934.—-The meeting was held at 8 p.m. in the McLennan 
Laboratory, University of Toronto, with Mr. R. A. Gray in the chair. 

Owing the the vacancy in the position of Recorder, Mr. F. L. Troyer was 
requested by the Chairman to act as recorder for the meeting. 

Mr. H. F. Balmer, M.A., was elected Recorder, to take up his duties at the 
next meeting. 

Mr. S. L. Strachan, of Kindersley, Saskatchewan, was elected a member of 
the Society. 

Mr. R. A. Gray then gave his paper entitled, ‘‘ \Vhence does the Sun derive 
its heat?” He reviewed the various theories of solar energy formerly held but 
now discarded. The sun, he explained, is not a hot body cooling, nor is it a 
body which is burning. In the former case it would soon be reduced to a cold 
body; in the second, its life would be much too short to agree with accepted 
astronomical and geological facts. The theory of addition to the solar mass by 
meteoritic matter has been suggested, but a quantity of meteorites equal to 
the mass of the moon would have to be consumed each year to produce the 
necessary output of radiation. Mr. Gray discussed the modern theory that 
solar radiation is derived from molecular energy caused by atomic disintegration. 
This would require a small reduction in the sun’s size, amounting to probably 
less than 110 feet per year in the solar radius, but this almost negligible shrinking 
of the sun would compensate for the loss of energy by the increased effect of 
gravity on the matter composing the sun. This hypothesis, unlike any of the 
others, agree fairly well with the known facts concerning the age of the solar 
system. In this connection Mr. Gray outlined various methods of determining 
the age of the earth, including the method connected with stratification of 
the terrestrial crust, the amount of salt in the oceans, erosion of land masses, 
and radioactivity of the minerals in the earth's structure; and also by means 
of simple mathematical equations demonstrated the method of determining 
the surface temperature of the sun. 

Mr. H. L. Rogers gave a brief talk on the planet Neptune, describing the 
planet and relating how it was first discovered. 


FREDERIC L. TROYER, 
Acting Recorder. 


February 13, 1934.—The meeting was held in the McLennan Laboratories, 
University of Toronto, at 8.00 p.m., with Mr. R. A. Gray in the chair. 

A letter from the President of the University of Toronto was read, acknow- 
ledging the receipt of the Society's offer of the loan of the more technical portion 
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of its library to the David Dunlap Observatory. This offer will be placed before 
the Board of Goverrors at its next meeting. 

Thirteen persons were elected to membership in the Society, as follows: 
Toronto Section: 

A. R. Clute, 5 Admiral Road, Toronto 

W.L. Higgins, Port Credit, Ontario 

G. Franklin Morris, 166 Winona Drive, Toronto 

John B. Laidlaw, 12 Wellington St. E., Toronto. 
Members at Large: 

Capt. H. E. Knobel, Loon, Port Arthur 

Evan Sherlock, 267 East Yalo St., Orland, Cal., U.S.A. 

Thos. K. Tomkins, 215 Cricket Ave., North Hills, Pa. 

Charles Strull, 2100 Murray Ave., Louisville, Ky. 

Francis H. Reynolds, 47 Leroy St., Potsdam, N.Y. 

Lynn H. Matthias, East Capital Drive, Milwaukee, Wis. 

Miss Rosalie Peppler, 37 Overlook Road, Caldwell, N.J. 

Franklin A. Harrald, 111 Webster St., East Boston, Mass. 

Wm. G. Montgomery, 4240 Clairmont Ave., Birmingham, Ala. 


Predictions of phenomena for the next two weeks were given by Mr. F. L. 
Troyer. 

The address of the evening, ‘Some Notes on Japan,’’ was given by Rev. 
C. H. Shortt, who, by virtue of eighteen years’ residence there, is well qualified 
to discuss this interesting country. 

Many of the ideas which exist concerning Japan are inaccurate, two being 
especially noteworthy. One of these is that Japan is a small country and the 
other that it is a new country. The area of Japan is sufficient to include all of 
Italy and Switzerland and part of Germany, so that it can hardly be called 
small. While it is true that Japan might be called new when compared with the 
four thousand years of recorded history of the Chinese, nevertheless its history 
extends back about as far as does English history, so that there is no reason to 
consider Japan a new country unless we wish also to consider England one. 

The reason for the popular misconception of Japan as a new country is 
found in the fact that, during the greater part of its history, Japan has main- 
tained itself in isolation from the rest of the world, there being only three periods 
of foreign contact, including the present one. The earliest of these was one of 
Chinese influence, during which Japan adopted the Chinese system of writing, 
calendar and philosophy, developing these in her own way. During the second 
period, which reached its height in 1603, Jesuit missionaries from southern 
Europe brought their culture to Japan. Undoubtedly this culture included 
astronomical knowledge but if the Japanese were influenced by it that influence 
has disappeared as completely as the missionaries themselves. 

In 1868 Japan was opened finally to unrestricted intercourse with the rest 
of the world and it is her rise since then that has appeared so miraculous. It 
must be remembered, however, that this period has not marked the rise of a 
barbaric people but has been one in which a highly civilized people has been 
testing and adopting the best of our western civilization. 
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The mythology of ancient peoples usually contains references to the heavens, 
thus showing an early interest in astronomy. Such allusions are strangely 
lacking in Japanese folk-lore, so that it may be said that there has been no 
astronomy in Japan, except during the past half-century. During this period 
astronomy has been taught in the universities and government observatories 
have been established. Even yet, however, there is little evidence of popular 
interest in the subject, although there is an intense interest in other sciences, 
such as seismology and economics. This may be explained by the lack of im- 
mediate practical value of astronomy. The Japanese must not be criticized 
unduly for this interest in the practical for even here forty years ago astronomy 
was of little general interest, and it is only recently, due in part to the activities 
of societies such as ours, that astronomy has become so interesting to the general 
public that new books on the subject are among the “best sellers’’ of to-day. In 
Japan, too, astronomical societies have been formed and it may not be long 
before astronomical interest in Japan is as great as it is here. 

The thanks of the Society were expressed by Mr. Gray, after which there 
was a short discussion period in which considerable interest in Japan, both 
astronomical and general, was shown. 

Mr. R. B. Laing gave an interesting paper on the planet Uranus, well illus- 
trated by lantern slides, in which he described the discovery, orbit, telescopic 
appearance and physical characteristics of the first planet ever ‘‘discovered’”’. 


February 27, 1934—The meeting was held in the usual place at 8.00 p.m., 
Mr. R. A. Gray in the chair. 

Four persons were elected members of the Society: 

H. A. McTaggart, M.A., Ph.D., F.R.S.C., University of Toronto, Toronto 
Members at Large: 

F. G. Beauchamp, Dinsmore, Saskatchewan 

Jason J. Nassau, Warner and Swasey Observatory, Cleveland, Ohio 

G. B. Grant, 2157 Hamilton St., Regina, Saskatchewan 

Mr. Collins reported the observation of a solar halo about 10 a.m. on Friday, 
February 23. This halo, which was about 45 degrees in diameter and showed two 
sun dogs, one on each side of the sun, exhibited occasional colour and was accom- 
panied by the inverted arc of a circle at some distance above it. This observation 
was confirmed by Mr. R. A. Gray. 

The address of the evening, “‘A Man-Made Universe’, was given by the 
Recorder, Mr. H. F. Balmer, who, having been on the scientific staff of A Century 
of Progress, 1933 in Chicago, had had some opportunity to become familiar with 
the optical planetarium at the Adler Planetarium and Astronomical Museum. 

The ability of this instrument to “bring the heavens indoors” with a high 
degree of accuracy and a surprising illusion of reality, and to produce, in a few 
minutes, motions of the stars and planets which actually are accomplished in 
days, years, or centuries, was described during the course of an imaginary visit 
to the Adler Planetarium. By means of lantern slides, made from photographs 
and diagrams, the construction of the Zeiss planetarium was described in con- 
siderable detail, giving an appreciation of the intricacy of the mechanism and 
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of the knowledge, skill and ingenuity of the makers. In conclusion the speaker 
expressed the hope that the Society would become interested in the Zeiss Plane- 
tarium and that, in time, Toronto would possess one. 

During the period of discussion which followed Mr. Clute, who had visited 
the Fels Planetarium in Philadelphia, told of the perforated steel construction 
of the dome of the planetarium chamber, a new type of construction which has 
eliminated all trace of echo from the chamber. 

A study of the planet Pluto was given by Mr. S. C. Brown, in which the 
basis of Lowell's belief in a trans- Neptunian planet was discussed, and an interest- 
ing comparison of the predicted and observed orbit was given. Pluto does not 
present a perceptible disc, so that information concerning its size and physical 
characteristic is lacking at present. 


March 13, 1934.—The meeting was held at the usual time and place, with Mr. 
R. A. Gray in the chair. 

The recent publication of W. G. Colgrove, entitled ‘‘A Handbook of the 
Solar System’’, based on his articles which have appeared in the JoURNAL from 
time to time, was brought to the attention of those present. A copy of this book, 
which is priced at one dollar, is in the library of the Society. 

The following persons were elected members-at-large: 

John Tait, Box 92, Meota, Saskatchewan. 
J. W. Travis, D.D.S., 2679 Monroe St., Toledo, Ohio. 

Predictions of phenomena for the next two weeks were given by Mr. F. L. 
Troyer. 

A very interesting address ‘‘Peculiarities of Vision’’, illustrated by lantern 
slides and experiments, was given by Prof. H. A. McTaggart of the University 
of Toronto. Peculiarities of vision are of two types: those which are due to the 
optical properties of the eye and which are therefore of interest to the physicist; 
and those which have to do with judgment and interpretation, and belong to 
the field of psychology. 

The eye may be considered to be a small camera, for it consists of a light- 
tight chamber at the front of which is an opening containing a lens, through 
which light is admitted, while at the rear is a sensitive surface, the retina, cor- 
responding to the photographic plate, on which the image formed by the lens 
is received. The sensitive elements of the retina are the rods and cones, so called 
from their cylindrical shape, each of which is capable of recording one impression. 
When the actual size of the image on the retina is considered in connection with 
the detail that can be recognized, it is evident that the structure of the retina 
must be very fine. The ability of the eye to distinguish fine detail is known as 
sharpness of vision. In general, objects separated by a few minutes of arc can 
be distinguished, though, in exceptional cases where the structure of the retina 
is finer than the average, a separation of less than one minute may be detected. 
It is well that vision is not infinitely sharp, for then we should have the pleasure 
removed from many things which we now enjoy. In illustration of this a beauti- 
ful colour photograph was shown, together with an enlargement which showed 
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it to be made up of very small squares of the three primary colours of light and 
no other colours. 

The retina of the eye has the property of retaining an impression for a short 
while, about one-tenth of a second, after the stimulus is removed, thus giving 
rise to what is known as persistence of vision. This was demonstrated very 
effectively by passing a narrow white stick through a circular beam of light, 
producing the appearance of a white ellipse, and by rotating a small incandescent 
lamp sufficiently rapidly to produce the impression of a complete circle of light. 
Moving pictures are dependent on this peculiarity of vision, since they are 
produced by a series of still pictures alternating with periods of darkness, which 
are flashed on the screen so rapidly that the impression of one picture has not 
disappeared before the impression of the next is received. 

That the retina becomes temporarily less sensitive to any given colour of 
light upon prolonged exposure to it, the property of retinal fatigue, was demon- 
strated in an interesting manner. A reddish circle of light was projected on a 
white screen and the audience directed to gaze at it without shifting the eyes 
at all during the process. After about thirty seconds the illumination of the spot 
was changed to white, but the impression received was that of a green spot. 
The explanation was that the retina had become less sensitive to red light so 
that, when looking at the white light, the red contained in it failed to register 
very strongly, the remaining colours of white light producing the complementary 
sensation of green. 

The lens of the eye, in common with other single lenses, possesses different 
focal lengths for light of different colours, red being brought to a focus farthest 
from the lens and blue nearest to it, the intermediate colours of the spectrum 
being focussed at intermediate distances. This property of a lens is known as 
chromatic aberration, and in consequence of it the interesting effect is noticed 
of red objects appearing to be nearer than blue ones which are at the same distance. 
Another effect which may be due to the chromatic aberration of the lens of the 
eye is that blue objects appear to be slightly larger than red ones of the same size. 

That the apparent colour of an object depends to a marked degree on the 
colour of the background against which it is seen was shown by means of a 
specially designed projector which permits of the changing of any colour in a 
design without altering the others. This peculiarity of vision must be allowed 
for in designing such things as wall paper and coloured fabrics. 

In conclusion various illusions whose explanations are psychological rather 
than physical were shown. Among these were the illusion of reversed motion 
up on suddenly arresting the motion of an object upon which the attention was 
fixed, various ‘‘twisted cord”’ illusions, and the street corner illusion. 

The concluding portion of the programme was a study of ‘‘The Asteroids”’ 
by Mr. J. A. Robbins. He referred to the place of the asteroids in the solar 
system, the theories of their formation, their sizes, their distribution according 
to period, the existence of groups in each of which there is a probable common 
origin, and the photographic method of asteroid search. 


H. F. Bacmer, Recorder. 
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THE ROYAL ASTRONOMICAL SOCIETY OF CANADA 


This Society was incorporated in 1890 under the name of The Astronomical 
and Physical Society of Toronto, and assumed its present name in 1903. 
The Society has active Centres in Montreal, P.Q.; Ottawa, Toronto, Hamilton, 


and London, Ont.; Winnipeg, Man.; Edmonton, Alta.; Vancouver and Victoria, 
B.C. 


The Society publishes a monthly JouRNAL containing each year about 500 
pages and a yearly OBSERVER’S HANDBOOK of about 80 pages. Single copies of 
JOURNAL or HANDBOOK are 25 cents. 

Membership is open to anyone interested in astronomy. Annual dues, $2.00; 
life membership, $25.00. Publications are free to members, or may be subscribed 
for separately. Apply to the General Secretary, 198 College St., Toronto, or to 
the local secretary of a Centre. 


Extract from the By-Laws: Candidates who are elected to membership will be 
attached to a particular Centre, or to a section known as Members at Large. 
Members of the Society who live outside of Canada, or in a province in which 
there is no Centre of the Society will be considered Members at Large and not 
attached to any particular Centre, unless these members are expressly nominated 
for membership and attachment to a particular Centre. Members may be 
transferred from one Centre to another, or to the section Members at Large by the 
Council of the Society if written application for such transfer is made by such 
member to the Council 


The society has for Sale: 

General Index to the TRANSACTIONS of the R.A.S.C., 1890-1905, and the 
JOURNAL, Vols. 1 to 25, 1907-31. 

Compiled by W. E. Harper, Assistant Director, Dominion Astrophysical 
Observatory, Victoria, B.C. 

Pages, 122; Price, $1.00, postage 5c. extra. 


New Materials for the History of Man—The Festival of the Dead, by 
R. G. Haliburton. 


This is a research into the Year of the Pleiades, first published at Halifax 
N.S., in 1863; reprinted by the R.A.S.C. in 1920. 
Pages, 126; Price, $1.00, postage 5c. extra. 


Send Money Order to 198 College St., Toronto. 
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